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Abstract 

Financial services platforms increasingly expose core banking, payments, lending, and wealth 

management capabilities through APIs to enable open banking initiatives, regulated third-party 

providers (TPPs), fintech partnerships, and mobile-first digital experiences. Unlike conventional web 

APIs, however, financial APIs operate in a high-risk environment shaped by stringent regulatory 

mandates (such as PSD2 and Strong Customer Authentication), data protection requirements, 

payment network rules, and persistent adversarial threats including token replay, credential stuffing, 

consent abuse, and object-level authorization flaws. This paper proposes a structured, layered Secure 

API Design Model purpose-built for financial services platforms, synthesizing foundational 

authorization protocols (OAuth 2.0), federated identity standards (OpenID Connect), hardened 

financial profiles (FAPI), Open Banking implementation frameworks, OWASP API Security risk 

guidance, and NIST digital identity assurance principles. Through detailed analysis of protocol flows, 

cryptographic trust boundaries, consent lifecycle management, and real-world deployment patterns, 

the model formalizes a reference architecture centered on strong identity assurance, mutual 

authentication and cryptographic binding (e.g., mTLS and signed request objects), fine-grained least-

privilege authorization, secure token handling, continuous monitoring, and operational governance. 

By integrating regulatory compliance with modern zero-trust and defense-in-depth strategies, the 

proposed framework offers architects and platform engineers a systematic approach for designing 

resilient, high-assurance, and regulation-compliant API ecosystems capable of sustaining secure 

interoperability in rapidly evolving financial environments. 

 

Keywords 

https://ijsdcs.com/index.php/IJMLSD/issue/view/2021%2C1


 

 

Secure API Architecture; Open Banking; OAuth 2.0; OpenID Connect; FAPI; PSD2; Strong Customer 

Authentication; Financial-grade API; API Security; Consent-driven Architecture; Zero Trust; Identity 

Assurance; mTLS; Token Binding. 

 

1. Introduction 

The modernization of banking and financial infrastructure has accelerated dramatically over the past 

decade, driven both by regulatory mandates such as PSD2 in the European Union and by competitive 

pressure from fintech innovation. Regulatory frameworks have compelled incumbent banks to 

expose standardized interfaces for account information and payment initiation, fundamentally 

reshaping traditional closed banking architectures. At the same time, customer expectations for 

seamless digital experiences have pushed institutions toward mobile-first, API-centric service 

delivery models. APIs now function as the connective tissue between core banking systems, third-

party providers (TPPs), payment processors, and consumer applications. This transformation has 

shifted banks from monolithic service providers to platform-based ecosystems. Open banking 

initiatives have further institutionalized interoperability as a regulatory requirement rather than a 

business choice. Consequently, secure API exposure is no longer optional but central to operational 

viability. Financial institutions must therefore balance openness with uncompromising security 

controls. The attack surface has expanded significantly as services move from internal networks to 

internet-facing endpoints. In this evolving environment, API security becomes a foundational 

architectural concern rather than a peripheral technical feature. 

Unlike generic REST services, financial APIs must protect high-value assets such as payment 

instructions, transaction histories, identity attributes, and account balances, all of which are prime 

targets for fraud and cybercrime. A single vulnerability can result in monetary loss, reputational 

damage, regulatory penalties, and systemic risk. Compliance obligations including PSD2, PCI DSS, and 

data protection regulations impose strict controls on authentication strength, encryption standards, 

auditability, and data minimization. Strong Customer Authentication (SCA) requirements mandate 

multi-factor verification and dynamic linking of authentication to transaction details. Financial APIs 

must also guarantee non-repudiation through cryptographic signing, secure logging, and tamper-

evident records. Transaction integrity must be preserved end-to-end, ensuring that payment 

instructions cannot be altered in transit. Additionally, these APIs operate in hostile internet 

environments characterized by automated attacks, bot-driven enumeration, credential stuffing, and 

advanced persistent threats. Unlike internal enterprise APIs, public-facing financial APIs must 

assume zero trust at every boundary. They must also manage third-party integrations where client 

security posture may vary significantly. As a result, robust identity validation, mutual authentication, 

and continuous monitoring become non-negotiable components of the design. 

This paper formalizes a Secure API Design Model rooted in protocol-level security guarantees and 

regulatory alignment, integrating industry standards and practical threat mitigation strategies. The 

model leverages OAuth 2.0 for delegated authorization, OpenID Connect for identity federation, and 

Financial-grade API (FAPI) profiles for hardened financial implementations. It embeds consent as a 

first-class resource, ensuring traceable and revocable access aligned with regulatory expectations. 

Cryptographic binding mechanisms such as mutual TLS and signed request objects are incorporated 

to prevent token replay and man-in-the-middle attacks. Fine-grained scope enforcement and object-

level authorization controls mitigate common API vulnerabilities identified in OWASP guidance. The 



 

 

architecture emphasizes defense-in-depth, combining identity assurance, transport security, token 

management, and behavioral monitoring. Operational governance elements including client 

registration, certificate lifecycle management, and audit logging support accountability and 

compliance audits. The framework also accounts for scalability and resilience, ensuring high 

availability without compromising security posture. By synthesizing regulatory mandates with 

secure protocol design, the proposed model provides a comprehensive blueprint for building 

trustworthy financial API ecosystems. Ultimately, the objective is to enable secure innovation while 

maintaining the integrity, confidentiality, and reliability expected of modern financial infrastructure. 

 

2. Foundational Authorization Model 

The OAuth 2.0 abstract flow, illustrated in Figure 1 of RFC 6749, establishes a standardized 

framework for delegated authorization across distributed systems. It introduces four distinct roles: 

the Resource Owner, typically the end user; the Client, which requests access on behalf of the user; 

the Authorization Server, responsible for authenticating the user and issuing tokens; and the 

Resource Server, which hosts protected resources. The protocol flow (A–F) outlines the sequence of 

interactions beginning with an authorization request and culminating in the issuance and validation 

of an access token. Crucially, OAuth eliminates the need for credential sharing between the user and 

third-party applications. Instead, the Authorization Server acts as a trusted intermediary that grants 

scoped access tokens. This abstraction allows clients to access protected resources without directly 

handling user passwords. The separation of concerns between authorization and resource access 
enhances modular security design. Tokens represent delegated rights rather than full identity 

credentials. In financial ecosystems, this architecture provides the foundational control mechanism 

for third-party data access. As such, OAuth becomes central to consent-driven and regulatorily 

aligned API exposure models. 

 



 

 

   Figure 1. Abstract Protocol Flow (OAuth 2.0) 

In financial contexts, the OAuth model is extended to support explicit user consent and granular 

permission control over sensitive assets such as account balances and payment initiation. Rather 

than granting blanket access, tokens are issued with narrowly defined scopes that map to specific 

API resources. This enables least-privilege enforcement, reducing the blast radius of compromised 

tokens. Access tokens can be short-lived, cryptographically signed, and revocable, supporting both 

operational security and regulatory compliance. Auditability is enhanced because every token 
issuance and resource access event can be logged and traced to a consent artifact. The architectural 

decoupling of authorization and resource servers allows institutions to scale independently while 

maintaining strict policy enforcement. Additionally, OAuth’s extensibility enables integration with 

multi-factor authentication mechanisms required under Strong Customer Authentication (SCA). The 

model also supports refresh tokens for session continuity without repeated credential exposure. In 

practice, this abstraction forms the backbone of Open Banking and fintech integrations. It enables 

controlled data sharing while preserving user sovereignty over access decisions. 

However, vanilla OAuth 2.0 was not originally designed to meet the high-assurance requirements of 

financial-grade systems operating in adversarial internet environments. Basic implementations are 

vulnerable to threats such as authorization code interception, token replay, redirect URI 

manipulation, and mix-up attacks. Without enhancements like PKCE, mutual TLS, or signed request 

objects, the protocol may not provide sufficient resistance against sophisticated attackers. Financial 

APIs require stronger client authentication methods to prevent impersonation of third-party 

providers. Token binding and cryptographic verification are necessary to ensure that tokens cannot 

be reused outside their intended context. Furthermore, explicit consent tracking must be integrated 

into the authorization lifecycle to satisfy regulatory mandates. Strict redirect URI validation and 

secure state management are essential to prevent cross-site request forgery. Financial deployments 

must also enforce robust scope validation and object-level authorization checks at the resource 

server. Consequently, while OAuth provides the structural foundation for delegated access, 

additional hardening layers are mandatory for financial-grade security. These enhancements 

transform OAuth from a general-purpose authorization framework into a high-assurance control 

mechanism suitable for regulated financial ecosystems. 

 

3. Financial-Grade Hardening 

Figure 2 – Overview of the OAuth Authorization Code Flow, presented in the formal security analysis 

by Fett, Hosseyni, and Küsters, illustrates a hardened variant of the traditional OAuth authorization 

code exchange tailored for financial-grade deployments. The diagram captures the precise 
sequencing of interactions between the user agent, client, authorization server, and resource server 

under strengthened assumptions. Unlike simplified web-based flows, this model explicitly 

incorporates cryptographic protections and strict endpoint validation rules. The authorization code 

is treated as a high-value artifact that must be protected against interception and misuse. The flow 

demonstrates how PKCE introduces a dynamically generated code verifier and code challenge to bind 

the authorization request to the token exchange. It also shows how confidential client authentication 

mechanisms reinforce the legitimacy of the requesting application. Mutual TLS or private_key_jwt 

assertions are used to authenticate clients at the token endpoint. Strict redirect URI validation 

ensures that authorization codes cannot be redirected to malicious endpoints. Each interaction in the 



 

 

flow is security-bound, minimizing ambiguity in message handling. The diagram therefore provides 

a concrete visualization of financial-grade authorization hardening beyond baseline OAuth behavior. 

 

  Figure 2. Overview of the OAuth Authorization Code Flow 

The formal analysis underlying this diagram rigorously evaluates the protocol against known web 

and network attack vectors. PKCE mitigates authorization code interception by requiring proof of 

possession during the token exchange. Confidential client authentication prevents unauthorized 

entities from redeeming stolen authorization codes. The use of mutual TLS binds tokens to specific 

client certificates, reducing the feasibility of replay attacks. Alternatively, private_key_jwt enables 
strong cryptographic client assertions without relying solely on shared secrets. Strict redirect URI 

validation closes off open redirect vulnerabilities that attackers exploit to capture authorization 

codes. The analysis also models state parameter handling to prevent cross-site request forgery. Each 

of these mechanisms operates collectively rather than independently, reinforcing the protocol at 

multiple trust boundaries. The formal modeling approach identifies implicit trust assumptions and 

tests them against adversarial capabilities. By subjecting the flow to mathematical verification, the 

study moves beyond heuristic security reasoning. This rigorous validation strengthens confidence in 

deploying the authorization code flow within regulated financial ecosystems. 

A key insight from the study is that properly configured Financial-grade API (FAPI) profiles 

substantially mitigate major classes of OAuth-related attacks. Authorization code injection attacks 

are neutralized through strict parameter binding and PKCE enforcement. Token leakage risks are 

reduced by enforcing secure transmission channels and binding tokens to authenticated clients. Mix-

up attacks, in which clients confuse authorization servers or endpoints, are mitigated through precise 

issuer validation and endpoint identification. Cross-client impersonation is prevented by 

cryptographically verifying client identity during token exchange. The analysis demonstrates that 

vulnerabilities often arise not from the protocol specification itself but from weak configuration or 

incomplete validation logic. FAPI therefore represents a hardened operational profile rather than a 

fundamentally new protocol. Its strength lies in mandating best practices that are optional in baseline 

OAuth implementations. By combining formal verification with prescriptive deployment 

requirements, the framework establishes measurable security guarantees. This distinction elevates 

FAPI-based deployments above generic OAuth integrations. Consequently, financial institutions 



 

 

adopting these hardened profiles achieve a significantly higher assurance level suitable for high-

value transactional systems. 

 

4. Open Banking Consent and Regulatory Context 

The Account and Transaction Flow defined in the Open Banking UK Accounts & Transaction API 

Profile provides a concrete, regulator-aligned implementation of consent-driven financial APIs. The 

sequence diagram captures the lifecycle beginning with consent creation, where a Third-Party 

Provider (TPP) initiates a request for access to specific account data. This consent object is registered 

with the Account Servicing Payment Service Provider (ASPSP) before any authentication occurs. The 

Payment Service User (PSU) is then redirected to the bank’s authorization interface, ensuring that 

credential handling remains within the trusted domain of the financial institution. During this 

redirection phase, Strong Customer Authentication (SCA) is enforced according to regulatory 

requirements. Following successful authentication, the authorization code is issued and returned to 

the TPP via a secure redirect channel. The TPP subsequently exchanges this code for an access token 

at the token endpoint. Token issuance is contingent upon validation of client credentials, redirect URI 

integrity, and consent status. Finally, the TPP invokes protected resource endpoints using the issued 

token to retrieve account or transaction data. Each step in the sequence enforces explicit validation 

and traceability. The diagram therefore represents a production-grade implementation of secure 

delegated access within regulated banking ecosystems. 



 

 

 

 Figure 3. Open Banking Account and Transaction API Consent Flow 

Architecturally, the most significant implication of this flow is the elevation of consent to a first-class 

resource within the API domain model. Consent is not merely a transient authorization artifact but a 

persistent, auditable object with its own lifecycle and state transitions. Explicit user authorization 

must precede token issuance, ensuring that access is both intentional and traceable. Access tokens 

are tightly bound to consent identifiers, preventing their use outside the scope of approved 

permissions. This design enforces least privilege by restricting token capabilities to specific accounts 

and data categories. SCA is enforced during the authorization step, satisfying requirements for multi-

factor authentication and dynamic linking to transaction details where applicable. The separation of 

consent creation from authentication enables clearer policy enforcement and monitoring. It also 

allows banks to apply fraud detection and risk scoring prior to granting access. Object-level 

authorization checks at the resource server further ensure that tokens cannot be used to retrieve 

unauthorized data. The result is a layered enforcement model that integrates protocol security with 

domain-specific access control. This architectural pattern reflects a shift from implicit trust models 

to explicit, consent-governed access frameworks. 



 

 

Regulatory mandates such as the PSD2 Regulatory Technical Standards (RTS) on Strong Customer 

Authentication and secure communication transform these technical patterns into enforceable 

compliance requirements. Secure communication channels, including mutual TLS and certificate-

based trust frameworks, are mandated to protect data in transit. Authentication mechanisms must 

satisfy independence and multi-factor criteria defined by supervisory authorities. OAuth and OpenID 

Connect provide the structural backbone for delegated access and identity federation, while FAPI 

profiles harden these standards for financial-grade assurance. The regulatory framework effectively 

operationalizes these protocols by prescribing minimum security baselines and audit expectations. 

Institutions must demonstrate not only technical implementation but also governance, monitoring, 

and incident response capabilities. Compliance audits require evidence of token lifecycle 

management, consent traceability, and access revocation mechanisms. By embedding these 

regulatory controls into the API architecture, banks ensure that security is systemic rather than 

reactive. The integration of OAuth, OIDC, and FAPI within the Open Banking model exemplifies how 

open standards can be aligned with supervisory oversight. Ultimately, regulatory alignment converts 

best-practice API security into a mandatory operational discipline for financial platforms. 

 

5. Threat Landscape and Risk Domains 

The OWASP API Security Top 10 identifies systemic risks that frequently arise in modern API-driven 

architectures, many of which are amplified in financial systems. Broken Object Level Authorization 

(BOLA) occurs when APIs fail to properly validate whether a user has permission to access a specific 
object, such as an account or transaction record. Excessive Data Exposure arises when APIs return 

more data than necessary, relying on client-side filtering rather than enforcing server-side 

minimization. Mass Assignment vulnerabilities allow attackers to modify unintended object 

properties by submitting crafted input payloads. Security Misconfiguration can stem from improper 

endpoint exposure, verbose error messages, or weak TLS settings. Injection flaws remain prevalent 

when input validation fails to prevent malicious commands from reaching backend systems. In 

financial APIs, these vulnerabilities can lead directly to data breaches or unauthorized fund transfers. 

Unlike consumer applications, the impact of exploitation in banking environments carries both 

financial and systemic consequences. API-centric microservices architectures increase the number 

of exposed endpoints, thereby increasing potential attack vectors. The stateless nature of RESTful 

APIs also means that each request must independently enforce authorization controls. Consequently, 

rigorous server-side validation becomes a fundamental design principle rather than an optional 

safeguard. 

Financial APIs are particularly vulnerable to Insecure Direct Object References (IDOR), where 

predictable identifiers enable attackers to enumerate sensitive resources. Even minor lapses in 

object-level checks can allow unauthorized access to account balances or transaction histories. Token 

replay attacks pose another significant risk, especially if access tokens are not cryptographically 

bound to client identities or transport layers. Without mechanisms such as mutual TLS or proof-of-

possession tokens, intercepted tokens can be reused maliciously. Credential stuffing attacks exploit 

reused passwords and automated bots to compromise user accounts at scale. Given the high value of 

financial accounts, attackers often combine credential stuffing with social engineering to escalate 

access. Consent misuse represents a domain-specific threat where authorized tokens are exploited 

beyond their intended scope or lifecycle. Poorly implemented consent revocation mechanisms can 

prolong unauthorized access. API scraping further amplifies exposure by allowing automated 



 

 

harvesting of financial data through repeated legitimate-looking requests. These attack patterns 

underscore the necessity of defense-in-depth and continuous monitoring strategies in financial 

ecosystems. 

Mitigating these risks requires embedding security controls directly into the API lifecycle rather than 

treating them as afterthoughts. Object-level authorization must be enforced consistently at the 

resource server, validating ownership and scope for every request. Data minimization strategies 

should ensure that APIs return only explicitly requested and authorized fields. Strong input 
validation and parameter whitelisting can reduce injection and mass assignment risks. Cryptographic 

token binding and short-lived access tokens mitigate replay and interception threats. Rate limiting, 

behavioral analytics, and anomaly detection help defend against credential stuffing and automated 

scraping. Consent management systems must include clear expiration, revocation, and audit 

capabilities. Secure configuration baselines and automated compliance scanning reduce 

misconfiguration errors. Logging and real-time monitoring enable rapid detection of suspicious API 

behavior. Together, these controls create a layered security posture that aligns with OWASP guidance 

while addressing the unique threat landscape of financial services. By proactively integrating these 

safeguards, institutions can significantly reduce systemic API vulnerabilities and enhance trust in 

digital banking platforms. 

 

6. Proposed Secure API Design Model 

The proposed six-layer Secure API Design Model integrates protocol standards, regulatory mandates, 

and empirical security analyses into a structured architectural framework tailored for financial 

services platforms. Rather than relying on isolated controls, the model applies defense-in-depth 

principles across identity, authorization, cryptographic trust, resource enforcement, governance, and 

operational monitoring. Each layer addresses a distinct threat domain while reinforcing adjacent 

layers, ensuring that failure at one boundary does not compromise the entire system. The design 

assumes adversarial internet conditions, third-party integrations of varying maturity, and strict 

regulatory oversight. By aligning with established standards such as NIST identity guidance, OAuth 

2.0, FAPI profiles, and Open Banking operational rules, the model transforms best practices into 

enforceable architectural principles. It also distinguishes between logical access control and 

cryptographic trust guarantees, recognizing that both are necessary in high-value financial 

ecosystems. The layered structure enables incremental adoption while maintaining systemic 

coherence. Institutions can evaluate maturity at each layer and implement compensating controls 

where gaps exist. Importantly, the framework treats consent, identity, and token security as core 

primitives rather than optional features. The result is a comprehensive blueprint for high-assurance 

API ecosystems capable of supporting open financial innovation without compromising resilience. 

Layer 1 establishes Identity and Assurance as the foundational trust anchor of the entire model. 

Grounded in digital identity guidelines, it mandates multi-factor authentication to satisfy regulatory 

Strong Customer Authentication requirements and to reduce credential compromise risk. Identity 

assurance levels define the rigor of identity proofing and authentication mechanisms, ensuring 

proportional controls based on transaction sensitivity. Device binding strengthens trust by linking 

authentication events to known devices or cryptographic keys, reducing susceptibility to session 

hijacking. Layer 2 formalizes Authorization and Consent as structured, auditable processes derived 

from OAuth 2.0 and hardened FAPI profiles. Only the Authorization Code flow with PKCE is 



 

 

permitted, eliminating weaker grant types susceptible to interception. Strict redirect URI validation 

prevents malicious endpoint manipulation. Consent is modeled as a persistent resource with defined 

scope, duration, and revocation semantics. Fine-grained scopes enforce least privilege, ensuring 

tokens grant only narrowly defined permissions. Together, these two layers ensure that access is 

identity-verified, user-approved, and minimally scoped before any data is exposed. 

Layer 3 introduces Cryptographic Binding mechanisms that secure communications and token 

exchanges against interception and replay. Mutual TLS authenticates both client and server, while 
private_key_jwt client assertions provide strong cryptographic identity at the token endpoint. JWS 

request object signing ensures integrity of authorization requests, and JARM protects authorization 

responses from tampering. These controls collectively prevent token replay, man-in-the-middle 

attacks, and endpoint confusion. Layer 4 focuses on Resource Server Controls, enforcing object-level 

authorization checks, mapping scopes explicitly to endpoints, applying strict data minimization, and 

implementing rate limiting to mitigate abuse patterns identified in OWASP guidance. Layer 5 extends 

security beyond protocol mechanics into Operational Governance, including third-party provider 

registration, dynamic client onboarding, certificate lifecycle management, and comprehensive audit 

logging to support compliance and dispute resolution. Finally, Layer 6 addresses Monitoring and 

Incident Response through token anomaly detection, fraud analytics, API behavior monitoring, and 

real-time revocation capabilities. This ensures that threats undetected at earlier layers can still be 

identified and contained operationally. Collectively, the six layers form a cohesive, regulation-aligned 

architecture that balances openness with uncompromising security in financial API deployments. 

 

7. Key Studies Informing This Model 

7.1 Fett et al. 

The formal security analysis conducted by Fett, Hosseyni, and Küsters provides a rigorous evaluation 

of the Financial-grade API (FAPI) security profile under adversarial web conditions. Using formal 

modeling techniques, the study analyzes the OAuth authorization code flow augmented with PKCE 

and additional FAPI constraints. The research demonstrates that when properly configured, the 

hardened flow mitigates key attack vectors including authorization code injection and token replay. 

It also addresses mix-up attacks by enforcing strict issuer and endpoint validation rules. The analysis 

emphasizes that many OAuth vulnerabilities stem from misconfiguration rather than inherent 

protocol flaws. By modeling browser behavior, network attackers, and malicious clients, the study 

validates the robustness of cryptographic binding mechanisms. The findings reinforce the necessity 

of PKCE enforcement and confidential client authentication in high-assurance environments. 

Importantly, the work distinguishes between baseline OAuth flexibility and the stricter operational 

requirements mandated by FAPI profiles. This distinction elevates FAPI from a recommended 

practice to a verifiable security framework suitable for regulated financial ecosystems. The study 

serves as a foundational academic reference supporting hardened API deployments. 

7.2 NIST SP 800-63B 

The NIST Digital Identity Guidelines provide a structured framework for identity assurance and 

authentication controls applicable across high-risk sectors, including financial services. The 

guidelines define Authentication Assurance Levels (AALs) that categorize the strength of 

authentication mechanisms based on risk sensitivity. Multi-factor authentication is emphasized for 

systems handling sensitive financial data and transactions. The document also outlines requirements 



 

 

for credential lifecycle management, including enrollment, revocation, and recovery procedures. It 

addresses replay resistance, verifier compromise resistance, and phishing mitigation considerations. 

By formalizing identity proofing and authentication standards, the framework supports regulatory 

compliance and operational consistency. Financial institutions leverage these assurance levels to 

align digital onboarding and authentication flows with risk-based policies. The guidance also 

promotes secure session management and resistance to credential stuffing attacks. Device-based 

authenticators and cryptographic keys are encouraged for higher assurance levels. Collectively, the 

NIST framework underpins the identity layer of secure financial API architectures. 

7.3 PSD2 RTS 

The Regulatory Technical Standards under PSD2 establish binding security and communication 

requirements for payment service providers operating within open banking ecosystems. The RTS 

mandates Strong Customer Authentication for electronic payments and sensitive account access. It 

requires multi-factor authentication based on independent factors categorized as knowledge, 

possession, or inherence. Dynamic linking ensures that authentication is cryptographically tied to 

transaction details such as amount and payee. The standards also require secure communication 

channels between banks and third-party providers, often operationalized through mutual TLS and 

certificate-based trust frameworks. These mandates transform optional security best practices into 

enforceable legal obligations. Financial institutions must demonstrate compliance through audit 

trails and supervisory reporting. The RTS also defines fallback mechanisms and exemptions under 

tightly controlled conditions. By codifying these requirements, the regulation drives harmonized 

security baselines across member states. The result is a regulatory framework that operationalizes 

strong authentication and secure API communication at scale. 

7.4 OWASP API Security Top 10 

The OWASP API Security Top 10 provides a practitioner-oriented catalog of common vulnerabilities 

observed in production API environments. Unlike theoretical protocol analyses, this guidance 

focuses on real-world exploit patterns such as Broken Object Level Authorization and Excessive Data 

Exposure. It highlights systemic weaknesses that arise from insufficient server-side validation and 

overly permissive access controls. Injection flaws and mass assignment vulnerabilities demonstrate 

how input handling failures can compromise backend systems. Security misconfiguration is 

identified as a recurring root cause across API infrastructures. For financial APIs, these risks translate 

directly into unauthorized data access and potential financial fraud. The framework encourages 

developers to adopt threat modeling and secure coding practices early in the API lifecycle. It also 

underscores the importance of comprehensive logging, rate limiting, and anomaly detection. By 

mapping common attack vectors to preventive controls, the OWASP guidance complements protocol-

level security measures. Together with regulatory and identity standards, it strengthens the 

operational resilience of financial API ecosystems. 

 

8. Case Study: Secure Open Banking API Implementation in a Retail Bank 

To illustrate the practical application of the proposed six-layer Secure API Design Model, consider a 

mid-sized retail bank implementing an Open Banking platform to expose account information and 

payment initiation services to licensed Third-Party Providers (TPPs). The bank operates in a 

regulated jurisdiction requiring Strong Customer Authentication (SCA), secure communication, and 

audit traceability. The objective was to enable fintech ecosystem integration while preserving 



 

 

confidentiality, integrity, and regulatory compliance. The bank adopted an API-first modernization 

strategy, decoupling legacy core banking systems from internet-facing services through an API 

gateway and authorization server layer. Threat modeling identified high-risk vectors including token 

replay, IDOR attacks, consent abuse, and credential stuffing. A zero-trust approach was selected, 

assuming all external calls even from registered TPPs could be malicious. The design aligned with 

OAuth 2.0 Authorization Code Flow enhanced with PKCE and Financial-grade API (FAPI) constraints. 

Mutual TLS was mandated for all TPP integrations to ensure strong client authentication. Consent 

was modeled as a persistent domain entity with lifecycle states (Created, Authorized, Revoked, 

Expired). Continuous monitoring and anomaly detection were integrated into the platform’s security 

operations center. 

Identity & Authorization Implementation 

At the identity layer, the bank implemented multi-factor authentication compliant with digital 

identity assurance standards. Customers authenticated using a combination of password and device-

bound cryptographic challenge, satisfying SCA requirements. During account access or payment 

initiation, the user was redirected to the bank’s secure authorization endpoint. Explicit consent 

screens detailed requested scopes, duration, and data categories before approval. The Authorization 

Code + PKCE flow ensured that intercepted authorization codes could not be redeemed without the 

original code verifier. Strict redirect URI validation eliminated open redirect attack vectors. Tokens 

were issued with narrow scopes mapped directly to API endpoints such as /accounts or 

/transactions. Access tokens were short-lived, while refresh tokens were bound to client identity and 

device context. Consent IDs were embedded as token claims, enabling traceability of every resource 

call. Object-level authorization checks verified account ownership at the resource server before 

responding. This layered enforcement significantly reduced the risk of broken object-level 

authorization vulnerabilities. 

Cryptographic Binding & Governance Controls 

To prevent replay and impersonation attacks, the bank enforced mutual TLS between TPPs and the 

API gateway. Each TPP was required to register X.509 certificates, which were validated during every 

token exchange. For additional assurance, private_key_jwt assertions were required at the token 

endpoint. Authorization responses were signed to prevent tampering and mix-up attacks. Certificate 

lifecycle management processes were automated, including renewal alerts and revocation handling. 

The bank implemented dynamic client registration aligned with Open Banking operational 

standards. Comprehensive audit logging captured consent creation, token issuance, and API access 

events for compliance review. Rate limiting and behavioral analytics were deployed to detect 

scraping and credential stuffing attempts. An anomaly detection engine flagged abnormal token 
usage patterns for investigation. Real-time revocation mechanisms allowed immediate disabling of 

compromised tokens or consents. As a result, the bank achieved regulatory approval while 

maintaining a scalable fintech integration platform. 

Outcomes and Security Impact 

Following deployment, the bank onboarded multiple fintech partners without major security 

incidents. Independent penetration testing confirmed resilience against common OAuth attack 

vectors and IDOR exploitation attempts. Fraud monitoring indicated reduced token misuse due to 

cryptographic binding and short token lifetimes. Regulatory audits verified compliance with 

authentication and secure communication mandates. Incident response times improved because of 

centralized logging and traceability across authorization and resource layers. The layered 



 

 

architecture also simplified risk assessments by clearly delineating identity, authorization, and 

cryptographic responsibilities. Operational governance processes reduced third-party onboarding 

friction while preserving trust boundaries. The model demonstrated that regulatory compliance and 

platform innovation can coexist within a structured security architecture. This case study validates 

the practicality of the six-layer Secure API Design Model in real-world financial ecosystems. It further 

underscores the importance of integrating protocol hardening, governance, and monitoring into a 

unified security strategy rather than treating them as isolated controls. 

 

9. Conclusion 

Secure API design for financial services demands substantially more than a baseline OAuth 

implementation because financial ecosystems operate under adversarial, regulatory, and systemic 

risk pressures. Formal protocol hardening is necessary to eliminate ambiguities and optional 

configurations that attackers routinely exploit. Regulatory compliance alignment ensures that 

authentication strength, encryption standards, and audit requirements are embedded directly into 

architectural decisions rather than retrofitted later. Consent lifecycle modeling transforms 

authorization from a transient token exchange into a governed, traceable process with defined 

creation, approval, expiration, and revocation states. Cryptographic client binding mechanisms, such 

as mutual TLS and signed assertions, prevent token replay and impersonation attacks. Operational 

governance frameworks introduce accountability into third-party onboarding and certificate 

management. Without these layered safeguards, financial APIs remain vulnerable to 
misconfiguration and exploitation. The high monetary value of financial transactions amplifies the 

impact of even minor implementation flaws. Therefore, secure design must integrate protocol rigor 

with organizational oversight. This expanded security posture differentiates financial-grade APIs 

from general-purpose web service implementations. 

By synthesizing OAuth 2.0, Financial-grade API profiles, Open Banking standards, OWASP API 

Security guidance, and digital identity controls, the proposed Secure API Design Model establishes a 

comprehensive and structured architectural blueprint. OAuth 2.0 provides the foundational 

delegation mechanism, while FAPI introduces prescriptive constraints that elevate assurance levels. 

Open Banking standards operationalize consent, scope mapping, and regulatory interoperability 

requirements. OWASP guidance identifies practical exploit vectors that must be mitigated at the 

implementation layer. Identity assurance frameworks define the strength and lifecycle of 

authentication credentials. Together, these standards form a cohesive ecosystem of complementary 

controls rather than isolated best practices. The model integrates logical authorization, 

cryptographic trust, and operational monitoring into a unified framework. It encourages financial 

institutions to evaluate API maturity across multiple dimensions rather than focusing solely on 

authentication flows. By embedding compliance and security controls into system design, 

institutions reduce long-term technical debt. The resulting architecture supports secure 

interoperability across open financial ecosystems while maintaining institutional resilience. 

Future work may extend this model through formal modeling of consent revocation semantics and 

continuous risk adaptation mechanisms. Consent revocation remains an area where timing, 

propagation delays, and token invalidation require precise coordination. Formal verification 

techniques could be applied to ensure that revoked consents cannot be exploited during transitional 

states. Integration of real-time fraud detection systems with token issuance and API access logs 



 

 

represents another promising direction. Machine learning–based behavioral analytics could 

dynamically adjust risk scoring and authentication requirements. Adaptive authentication models 

may elevate assurance levels when anomalous patterns are detected. Research into token binding 

technologies and proof-of-possession tokens could further reduce replay risks. Standardization 

efforts may also explore stronger interoperability requirements for cross-border financial data 

sharing. Continuous compliance validation frameworks could automate regulatory reporting and 

audit readiness. Ultimately, advancing secure API design requires both technical innovation and 

regulatory collaboration. By combining formal security analysis with adaptive monitoring, financial 

platforms can evolve toward increasingly resilient and trustworthy digital infrastructures. 
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