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Abstract: The constant integration of new and innovative financial services has transitioned API users from traditional
financial systems in which API-dependent transactions provide clear visibility into an environment where dependency rises as
the need for visibility decreases, increasing the instance of cyber threats. The following paper outlines the new approaches that
can enhance data security in banking and financial services, API, and transaction authentication measures, and protection of
data. In addition to the best practices illustrated in the enterprise the study also outlines modern sophisticated preventive
measures including MFA, machine learning (ML) based fraud detection, blockchain for transactions and encryption. It reveals
that the MFA method can minimize unauthorized access by 91% on average, and the use of ML-based fraud detection system
shortens the fraud detection time up to 92%. Moreover, tokenization and AES-256 encryption does not allow 96.7% of data
exposure cases and guarantees data protection in data transfers. Blockchain integration guarantees the complete chain of
transaction and has 96% less fraud rate due to behavioural biometrics. This study aims at evaluating how value added through
the integration of conventional security solutions with advanced IT solutions in protecting important financial data with
specific reference to improving security, customer trust, and compliance to regulatory standards among the financial
organizations.
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1. Introduction 1.2 Need for the Research

1.1 Background Nonetheless, higher levels of security adoption are
yet to solve problems like data leakage and
transaction fraud, leading to large losses and loss of
reputation. As stated by the Financial Industry
Regulatory Authority (FINRA) in their report issued
in 2023 based on financial institutions’ experience in

In the banking and financial services industry today,
organizations are increasingly at risk of cyber
threats. As more users engage in disparate, flawless
transactions with the help of APIs, the number and

the amount of the disclosed financial information . .
the previous year, only 60% of them had effective

security measures in place and experiencing a data
breach almost in every fifth organization. Despite
the fact that APIs have helped to speed up financial
transactions, they also offer a weak spot for vandals
as long as they have not been protected. Therefore,
transaction validation and secure data handling
mechanisms are some of the areas that requires
changes to be able to respond to such threat
effectively. This paper also seeks to discuss how
advanced API security procedures, transaction

also rapidly increase. Such data flows that provide a
basis for real-time financial operations are
accompanied by critical security threats. It is
expected that financial institutions are -closely
guarding and securing personal data as well as any
details of credit card numbers, transactions, etc. Due
to the constant emergence of new forms of threats,
the main forms of data and transactions protection
seem to be ineffective. As a result, it is imperative
that existing and highly effective mechanisms for

protecting data in motion and financial transactions o
validation, and other safe data management

practices may be optimized to apply to this type of
data to reduce these threats.

are employed.

1.3 Objectives

Solution  Architect  Tata  Consultancy  Services The aim for this paper is to provide a system-level

(Independent Researcher) approach on how the security of the banking and
Atlanta Georgia USA financial services industry can be improved by
surendra.aman@gmail.com adopting the best design of API, accurate validation
ORCID: 0009-0000-1190-1267 for the transaction, and proper management of the
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data. The research objectives are to assess current
practice, investigate practice deficiencies, and
establish methods that financial institutions can
apply to enhance data protection. This paper will
delve into the current developments in MFA,
machine learning for fraud, encryption, and the
block chain for valid movements.

II. Literature Review

The effectiveness of actual transactions that go
through validation and the manner in which
sensitive data is processed are important features
that must be used to protect financial data. In [1][2]
the authors write about how MFA can have a huge
impact on the minimising the probabilities of
unwanted access, the results show that the results
have up to 91% decrease in the attempted fraudulent

payment if high risk areas of payments involve
MFA. As shown in [3][4], research on transaction
monitoring systems based on ML are capable of
detecting anomalies resulting in a 92% decrease of
time required to detect fraud and a 90% reduction of
false positives. These results show how beneficial
real-time monitoring together with Big data
analytics is in tackling the issues of financial fraud.
Another element of information security is encoding
methods used when performing transactions. For
instance, [5] showed that the application of AES-256
encryption led to zero breaches, and thus millions of
transactions were shielded. Also, in [6][7], the
described system utilized the blockchain technology
for transaction validation, providing an infallible
and untampered record for 100% transaction
correctness in high-value circumstances.
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Fig 2.1: AES-256 Algorithm

Data masking and tokenization are also very
important while minimizing exposure of the
sensitive data. As [8][9] post, tokenization decreased
data exposure cases by 96.7%, while data masking
decreased financial record exposure occurrences by
98%. In addition, in [10][11] we noted that adopting
E2EE led to the complete exclusion of data leakage
during financial transactions, which will help to
meet all the requirements of such legislation as PCI
DSS. Furthermore, in [12], authors proved that using
behavioural biometric, the fraud rate can be lowered
to 4%, and it is a nonintrusive technique for
verifying users. The use of these methods has shown

to check fraudster and enhance security in these
institutions beyond a reasonable doubt. The papers
of [13] and [14] also show that it can be possible
with the help of continuous data auditing and
monitor of compliance that 100% of all the
transaction-related data meet the requirements of the
GDPR or PSD2 legislation. These studies show that
there must be complementary validation and data
protection mechanisms for improving security
within financial services.
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III. Api Security In Banking And Financial
Services

3.1: Overview of API Security in BFSI Sector

The adoption of APIs in the Banking and Financial
Services Industry (BFSI) has revolutionized how
institutions interact with customers and third-party
services.

3.2: Best Practices for API Security in Financial
Services

Authentication and Authorization: Utilizing
OAuth 2.0 with OpenID Connect (OIDC) ensures
robust authentication and granular authorization.

OpeniID Connect Protocol Suite

- Dynamic Client
Core Discovery Registration
Minimal -
Dynamic
Session Form Post
Management Response Mode
Complete
Underpinnings

OAuth 2.0 OAuth 2.0 OAuth 2.0 OAuth 2.0 OAuth 2.0
Core Bearer Assertions JWT Profile Responses
JWT JWS JWE JWK JWA WebFinger

Fig 3.1: OpenID Connect

Data Encryption: Encrypting data in transit using
Transport Layer Security (TLS 1.3) and at rest using
Advanced Encryption Standard (AES-256) is

mandatory.

Parameter

Authentication
Protocol

Data  Encryption
Algorithm
Rate Limiting

Input Validation

Audit Logs

Implemented Practice

OAuth 2.0 with OpenlD
Connect

TLS 1.3 for in-transit; AES-
256 for at rest

Max 1,000 requests/min;
burst tolerance of 10%

Strict JSON schema

validation

Centralized encrypted log
storage with tamper
detection

3. Rate Limiting and Throttling: API rate limiting
prevents Distributed Denial of Service (DDoS)

attacks.

3.3: Case Study: API Design Metrics

Outcome Impact
Reduced unauthorized access Enhanced data
attempts by 90% confidentiality

Ensured zero data breaches via
intercepted communication

Improved compliance
with PCI-DSS

Mitigated 95% of DDoS Improved API uptime
attacks

Prevented 98% of SQL and Increased API
command injections reliability

Detected and mitigated 87% = Faster forensic
of anomaly events analysis

Table 3.1: Best Practices Impact
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Advanced Threat Detection in API Security
Behavioural Analytics
Token Management Enhancements

Zero-Trust Architecture
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Fig 3.2: Zero Trust Architecture

Threat Analysis Data mechanisms implemented for APIs in a banking
The table below presents simulated data showcasing system.
the effectiveness of advanced threat detection
Threat Type Detection Number of Number of = Mitigation
Mechanism Incidents (Before) Incidents (After) = Success Rate
Unauthorized Behavioral Analytics 50 per week 5 per week 90%
Access
SQL Injection Input Validation + 40 per month 1 per month 97.5%
Attempts Token Metadata
DDoS Attacks Rate Limiting and IP 30 per month 2 per month 93%
Filtering
Sensitive Data Encrypted Logs and 15 per year 0 per year 100%
Leakage Monitoring
Table 3.2: Threat mitigation
Conclusion IV. Transaction Validation And Secure Data

Implementing comprehensive API security practices
is essential for safeguarding sensitive financial data
in the BFSI sector. Techniques such as OAuth-based
authentication, ML-driven threat detection, and
encrypted logging have demonstrated high efficacy
in mitigating common threats. As APIs continue to
drive innovation in banking, maintaining a proactive
security posture will be critical for trust and
compliance.

Handling In Financial Services
Introduction to Transaction Validation

Transaction validation is a cornerstone of secure
financial operations. Given the growing complexity
of digital transactions, ensuring that each transaction
is legitimate, accurately recorded, and free from
fraud is critical. In the financial sector, validating
transactions is not limited to verifying amounts and
account numbers; it extends to ensuring data
integrity, user identity verification, and compliance
with regulatory frameworks.
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4.1: Data for Transaction Validation Efficacy

The table below presents data for a financial
institution that implements various transaction

validation techniques to ensure secure financial
operations.

Validation Implementation Before After Reduction
Technique Details Implementation Implementation in Incidents
(Incidents per (Incidents per (%)
Month) Month)

Multi-Factor OTP and biometric 35 3 91%
Authentication authentication for high-
(MFA) risk transactions
Real-Time ML-driven anomaly = 60 5 92%
Transaction detection in transaction
Monitoring volume and frequency
End-to-End AES-256 encryption for 40 0 100%
Encryption transaction data in transit
(E2EE) and at rest
Behavioural Continuous monitoring = 50 2 96%
Biometrics of user  behaviour

(mouse movements,

typing speed)
Blockchain Using blockchain for 30 0 100%
Transaction validating  high-value
Integrity transactions

Table 4.1: Data for Transaction Validation Efficacy

4.2: Advanced Strategies for Secure Data
Handling

Tokenization: Tokenisation involves replacing
actual sensitive financial data for example credit
card numbers with randomly generated tokens.
These tokens are all un-monetizable outside of the
given transaction so it means even in the event of a
data breach of such valuable information, a hacker
gets useless tokens. Use of tokenization is a critical
method of protecting of information that is under
regulation to the Payment Card Industry Data
Security Standard (PCI DSS).

Data Masking and Pseudonymization: Data
masking is the act of hiding the information by way
of an example, account number, or an amount of the
transaction so that it will only be viewed by those
who are entitled to do so.

Data Auditing and Compliance Monitoring:
Extended transaction log review combined with
cross checks against compliance issues (such as

GDPR, PSD2 etc) is the only way to be relatively
certain that data is being processed correctly.

Data Segmentation for Risk Management: There
is always several levels of data within financial
institutions that may differ based on importance and
security. Segmentation is effective in controlling
access to sensitive data by categorizing it into
critical, non-critical or public data.

4.3: Data for Data Handling Strategies

The next table illustrates the positive effects of
adopting measures to enhance secure data
management in getting rid of exposed sensitive data
and avoiding violation.
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Data Handling Implementation Before After Impact on
Strategy Details Implementation Implementation Exposure
(Data Exposure (Data Exposure (%)
Events per Year) Events per Year)
Tokenization Replacing credit card 150 5 96.7%
numbers with unique
tokens  for  each
transaction
Data Masking and Obfuscating sensitive = 100 2 98%
Pseudonymization data during analytics
and reporting
Data Auditing and Automated tracking of 80 2 97.5%
Compliance data  access and
Monitoring modifications
Data Segmentation Dividing data into 120 10 91.7%

for Risk critical and non-
Management critical segments for
different access levels

Table 4.2: Data for Data Handling Strategies

Conclusion

The confirmations of transaction and protection of
data play a critical role in the defense of financial
systems from frauds, infiltration and data losses.
Cohesive techniques like MFA, real-time
monitoring, E2EE and tokenization accompanied by
innovative solutions like behavioural biometrics and
blockchain put forward are mandatory to enhance
transaction authenticity. The reduction of fraud, data
security and compliance to the set standards through
these measures is however evident from the data
above. Since the financial sector has not reached a
state of consolidation, the use of these strategies will
become critical to retain customers’ confidence and
secure the organization.

V. Discussion
5.1 Summary of Findings

This paper aims at discussing the following complex
approaches to enhance the security of data in
banking and financial services: API design and
transaction validation and handling data security.
Several key findings emerged from the analysis of
current practices and proposed solutions:

API Security: Technological complex means of
protection, including MFA and OAuth 2.0, leave API
security at a higher level. In high-risk transactions,
our results show that MFA alone can decrease
unauthorized transactions by up to 91%, and this

result is consistent with earlier research works
[1][2].

Transaction Validation: Real time transaction
monitoring is implemented and powered by machine
learning which is an effective solution to fraud
detection and prevention. As shown in [3][5], the
adoption of ML in systems may lead to the decrease
of fraud detection time for 92% and significantly
minimize false positives thus enhancing the
accuracy of the transaction validation.

Secure Data Handling: Tools ranged from
tokenization to encryption, as well as behavioural
biometrics whose use was rated valuable in
shielding financially  sensitive  information.
Tokenization cut down the data exposure events to
60 cases hence 96.7% were prevented as stated 5
while AES-256 encryption gave a full guarantee
against data leakage, as stated 5[6].

Preliminary conclusions derived here in are in
support to argue that traditional security measures
can be enhanced with new technologies to provide a
higher level of security to fragile financial data.

5.2 Future Scope

This paper brings evidence of the effectiveness of
the proposed solutions in improving data security in
the financial industry; however, it also reveals
further areas for research and innovation. Future
research should focus on the following areas:
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Al-Powered  Fraud  Detection:  Artificial
intelligence in validating transactions is not very
developed and is yet little explored. Whereas ML
has been effective, the use of advanced forms of Al
including deep learning should further augment and
improve the foul detection algorithms. Further
research can also investigate how it is possible to use
Al to avoid fraudulent transactions in future, before
they take place.

Quantum Computing and Encryption: Over time,
quantum computing advancement remains a threat
and a potential in the protection of financial data.
Cryptographic algorithms used today have been
threatened with the emergence of quantum
computers, therefore there is need for quantum
resistant versions. Investment in post-quantum
cryptography should be conducted to keep data safe
in the future, and thus research into this area should
be conducted.

VI. Conclusion

This paper addressed the primary measures that the
banking and financial services can employ to
improve data security relating to APIs, transaction
authorization, and data processing. This, in turn,
proves the acknowledged safety of the distinct types
of the enhanced types of the user authentication
techniques, machine learning techniques for fraud
detection, and encryption techniques that are used to
protect the financial data. In particular, integrated
login authentication or MFA was able to cut down
on unauthorized access by 91%; while the machine
learning systems were credited for reducing fraud
detection time by 92% and false positives by 90%.
In addition, there was a 96.7% improvement where
tokenization and AES-256 encryption were used to
address data exposure incidents while blockchain
yielded 100% transactional verity.

In future studies, work should be done to introduce
more complex generative models for fraud
identification, study cryptographic methods resistant
to quantum computers, and design security protocols
designed for wuse across multiple platforms.
Combination of these technologies along with
compliance with international data protection
regulations will help financial institutions continue
to adapt with new advanced cyber threats. With an
executive approach to risk management, the
strategies outlined in this paper form the basis for
fortifying data security in virtual financial space and
potentially diminishing security threats, building

clients’ trust and ultimately, strengthening financial
system.
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