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ABSTRACT

The Comprehensive Capital Analysis and Review (CCAR) program forms the cornerstone of regulatory stress testing
and capital adequacy supervision for large banking institutions in the United States. Central to CCAR compliance are
the FRY-14M and FRY-14Q regulatory submissions, which require banks to report highly granular data spanning
credit risk, market risk, counterparty exposure, capital components, and stress scenario projections. Due to the scale,
complexity, and regulatory sensitivity of these datasets, even minor data quality defects or reconciliation gaps can
result in regulatory objections, remediation mandates, and capital distribution restrictions [1], [2].

Traditional CCAR validation frameworks rely heavily on manual controls, spreadsheet-driven reconciliations, and
post-hoc sampling, which are operationally inefficient and increasingly inadequate for modern, high-volume reporting
pipelines [3], [4]. This research presents a comprehensive automated validation framework for CCAR FRY-
14M/Q reporting pipelines that integrates rule-driven validation, cross-form reconciliation, threshold-based risk
metric checks, exception workflow orchestration, and audit-ready lineage tracking. The proposed framework is
designed to operate continuously across ingestion, transformation, aggregation, and regulatory submission layers.
Performance evaluation demonstrates that automated validation significantly improves defect detection accuracy,
reduces manual control dependency, accelerates remediation timelines, and strengthens model risk governance and
regulatory audit readiness. The framework enables scalable, repeatable, and examiner-defensible validation for large
banking institutions operating complex CCAR reporting ecosystems. The findings establish a practical RegTech
reference architecture for enterprise-grade CCAR validation automation.

Keywords:
CCAR, FRY-14M, FRY-14Q, Regulatory Reporting, Automated Validation, Risk Data Governance, Stress Testing,
Model Risk Management, RegTech.

I. INTRODUCTION

The Comprehensive Capital Analysis and Review (CCAR) program, administered by the Federal Reserve, is a critical
supervisory mechanism for assessing the capital adequacy, risk management, and financial resilience of systemically
important banking institutions. CCAR combines regulatory stress testing with a qualitative assessment of governance,
controls, and internal risk management practices. Central to the CCAR program are the FRY-14 regulatory reports,
specifically FRY-14M (monthly) and FRY-14Q (quarterly), which form the primary data inputs supporting
supervisory stress testing, capital planning, and risk aggregation [1], [2].

FRY-14M and FRY-14Q reports require banks to submit highly detailed, loan-level and exposure-level data covering
retail credit, wholesale portfolios, trading assets, counterparty risk, operational risk variables, capital components, and
scenario-based projections. These datasets originate from dozens of disparate source systems, including core banking
platforms, loan servicing systems, risk engines, general ledger systems, treasury platforms, and model output
repositories [3]. The resulting CCAR data pipelines are among the most complex regulatory reporting infrastructures
in the financial industry.

The regulatory consequences of data inaccuracies in FRY-14 submissions are severe. Defects in data completeness,
risk parameter integrity, or stress scenario alignment can directly impact supervisory capital calculations and may
trigger Matters Requiring Attention (MRAs), Matters Requiring Immediate Attention (MRIAs), or limitations on
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capital distributions [4], [5]. As a result, regulatory expectations increasingly emphasize strong pre-submission
validation, traceability, reconciliation, and auditability across all CCAR data flows.
Despite these expectations, many financial institutions continue to rely on manual validation controls, spreadsheet-
driven reconciliations, and segmented quality checks embedded within individual business units. These approaches
suffer from fundamental limitations, including control fragmentation, delayed defect detection, inconsistent rule
interpretation, limited scalability, and poor audit traceability [6], [7]. As FRY-14 data volumes grow and model
complexity increases, manual frameworks introduce unacceptable levels of operational and regulatory risk.
The Basel Committee’s BCBS 239 principles on risk data aggregation and reporting further reinforce the need for
automated, accurate, and timely validation across enterprise risk data pipelines [8]. BCBS 239 requires banks to
demonstrate strong data governance, automated controls, reconciliation traceability, and end-to-end data lineage.
These principles directly apply to CCAR pipelines, where data integrity and control effectiveness are subject to
continuous supervisory scrutiny.
Recent advances in financial data engineering, RegTech platforms, and automated control systems provide a
foundation for transforming CCAR validation from a reactive, manual exercise into a continuous, automated, and
governance-driven validation process [9], [10]. Rule-driven engines, metadata-based reconciliation, threshold-
based anomaly detection, and workflow automation now enable near real-time validation of regulatory datasets at
enterprise scale. However, the academic and applied research literature offers limited unified frameworks specifically
tailored to end-to-end automated validation of FRY-14M/Q pipelines.
This research addresses that gap by proposing a comprehensive automated validation framework explicitly
designed for CCAR regulatory reporting pipelines. The framework integrates five tightly coupled capabilities:

e  Structural, referential, and business rule validation for FRY-14 datasets
Threshold-based and trend-based risk metric anomaly detection

e Cross-form reconciliation between FRY-14M and FRY-14Q

e  Exception orchestration with controlled remediation workflows

e Audit-ready lineage, evidence capture, and regulatory traceability
The primary contributions of this paper are as follows:

1. A scalable reference architecture for automated CCAR validation across large banking enterprises.

2. A modular validation engine supporting structural, business, and risk-based regulatory rules.

3. A governance and audit framework aligned with CCAR, BCBS 239, and SOX expectations.

4. A performance evaluation comparing manual and automated CCAR validation approaches.

5. A Tier-1 bank case study demonstrating real-world regulatory impact.
The remainder of this paper is structured as follows. Section II reviews prior work on regulatory data validation, BCBS
239, and automated financial controls. Section III outlines the research objectives. Section IV presents the automated
validation system architecture. Section V details FRY-14M/Q validation techniques. Section VI discusses governance
and auditability. Section VII explains the implementation methodology. Section VIII presents performance evaluation
results. Section IX provides a large bank CCAR case study. Sections X, XI, and XII discuss implications, limitations,
and future research, followed by the conclusion in Section XIII.
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Figl: High-Level Architecture of CCAR Regulatory Reporting and Validation Workflow

II. LITERATURE REVIEW
Automated validation for regulatory reporting has evolved at the intersection of financial data governance, risk data
aggregation, regulatory compliance, and large-scale data engineering. This section reviews prior research and
regulatory guidance across five major areas: CCAR and FRY-14 regulatory reporting, BCBS 239 risk data aggregation
principles, financial data validation techniques, regulatory governance and auditability, and limitations of existing
CCAR validation practices.
2.1 CCAR, FRY-14M/Q, and Regulatory Reporting Requirements
The Comprehensive Capital Analysis and Review (CCAR) program was established to ensure that large banking
institutions maintain sufficient capital to withstand severe economic stress while continuing to meet obligations to
depositors and counterparties [1], [2]. The FRY-14M (monthly) and FRY-14Q (quarterly) submissions serve as the
primary quantitative inputs into the Federal Reserve’s supervisory stress testing framework. These reports require
highly granular loan-level, exposure-level, and counterparty-level data across retail, wholesale, trading, and
counterparty risk portfolios [3].
Prior literature highlights that FRY-14 data errors directly impact projected losses, risk-weighted assets, and capital
ratios used in regulatory decision-making [4]. Regulatory enforcement actions and Matters Requiring Attention
(MRAs) have repeatedly identified weaknesses in data quality, reconciliation, and control effectiveness across CCAR
pipelines, emphasizing the supervisory focus on validation rigor [5], [6].
2.2 BCBS 239 and Risk Data Aggregation Principles
The Basel Committee’s BCBS 239 principles on risk data aggregation and reporting set global expectations for
accuracy, completeness, timeliness, adaptability, and governance of risk data [7]. These principles require automated
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controls for data lineage, reconciliation, aggregation accuracy, and auditability. Several studies establish BCBS 239
as the foundational framework driving automation in regulatory data management for systemically important financial
institutions [8].
Academic and regulatory analyses confirm that CCAR pipelines fall squarely within the scope of BCBS 239
compliance due to their reliance on enterprise-wide risk data aggregation across heterogeneous source systems [9].
Automated validation is therefore considered a structural requirement rather than an optional control enhancement.
2.3 Financial Data Validation and Reconciliation Techniques
Traditional financial data validation relies on structural schema checks, domain constraint validation, and ledger-to-
subledger reconciliations [10]. These methods ensure that key financial attributes such as balances, exposures, and
transactional values conform to accounting and risk-model specifications. Referential integrity checks across customer,
loan, and product dimensions are widely used to prevent orphaned or misclassified exposures [11].
Threshold-based validation is commonly applied to detect abnormal variations in balances, provisions, probability of
default (PD), loss given default (LGD), and exposure at default (EAD) metrics [12]. Cross-system reconciliation
between risk engines, finance systems, and regulatory reporting layers is a critical requirement for CCAR validation
due to the multi-source nature of FRY-14 datasets [13].
However, existing literature indicates that most validation implementations remain fragmented, batch-driven, and
manually orchestrated, limiting their effectiveness in continuous regulatory reporting environments [ 14].
2.4 Governance, Auditability, and Regulatory Controls
Strong governance and auditability are essential attributes of regulatory validation frameworks. Studies on regulatory
data management emphasize the importance of validation lineage, control versioning, evidence retention, and
exception traceability to withstand supervisory scrutiny [15]. Sarbanes—Oxley (SOX), Model Risk Management (SR
11-7), and CCAR-specific regulatory guidance all mandate strict control documentation and reproducibility of
validation outcomes [6], [16].
Prior research identifies that spreadsheet-based reconciliation and post-report sampling introduce audit weaknesses
due to lack of standardized control execution, inconsistent rule interpretation, and limited historical traceability [10],
[17]. Automated governance frameworks are therefore increasingly recognized as essential for sustaining continuous
regulatory assurance.
2.5 Automation in Regulatory Technology (RegTech)
Regulatory Technology (RegTech) has emerged as a specialized discipline focused on automating compliance,
validation, surveillance, and regulatory reporting processes [18]. RegTech platforms integrate rule engines, workflow
automation, metadata-driven reconciliation, and reporting dashboards to reduce compliance cost and improve
regulatory responsiveness.
Several studies demonstrate that automated control execution significantly improves defect detection rates,
remediation speed, and audit transparency compared to manual frameworks [18], [19]. However, available RegTech
research remains largely generic and does not provide deep architectural guidance specifically tailored to FRY-
14M/Q validation.
2.6 Limitations of Existing CCAR Validation Practices
Despite extensive regulatory guidance, most financial institutions still operate hybrid validation models combining
partial automation with large volumes of manual controls [6]. These models suffer from several structural limitations:

e Delayed detection of data defects late in the reporting cycle

e High operational cost and staffing dependency

e Rule interpretation inconsistencies across business units

e  Weak end-to-end data lineage

e Limited reusability of validation logic across reporting periods
Furthermore, existing academic literature does not present a unified, end-to-end automated validation framework
explicitly engineered for CCAR FRY-14M/Q pipelines. Most studies address isolated aspects such as data quality,
reconciliation, or governance in isolation rather than within an integrated regulatory reporting architecture.
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III. RESEARCH OBJECTIVES
The primary objective of this research is to design, implement, and evaluate a scalable automated validation
framework for CCAR FRY-14M and FRY-14Q reporting pipelines that improves regulatory accuracy, operational
efficiency, and audit readiness. The framework is intended to replace fragmented manual controls with continuous,
rule-driven, and governance-aligned validation mechanisms that operate across the full regulatory reporting lifecycle
(3], [6], [9].
A key objective of this study is to automate structural, referential, and business-rule validation for FRY-14
datasets at scale. FRY-14M/Q submissions involve thousands of attributes across retail, wholesale, and trading
portfolios, making manual validation infeasible and error-prone [4], [10]. This research aims to formalize reusable
validation rules that ensure schema conformance, domain integrity, and regulatory alignment across reporting cycles.
Another core objective is to enable automated threshold-based validation of critical risk metrics, including
exposure at default (EAD), probability of default (PD), loss given default (LGD), balances, provisions, and scenario-
based projections [12], [13]. By embedding trend-based and tolerance-driven thresholds within the validation
framework, the study seeks to detect abnormal risk movements and data drift prior to regulatory submission.
The research further aims to implement automated cross-form reconciliation between FRY-14M and FRY-14Q
reports to ensure consistency between monthly and quarterly regulatory views [3], [11]. This objective addresses a
common regulatory finding in CCAR examinations, where misalignment between M and Q forms leads to supervisory
objections and remediation actions.
A critical objective is to strengthen governance, auditability, and regulatory traceability through validation
lineage tracking, rule version control, exception lifecycle management, and evidence capture [7], [15]. The framework
is designed to ensure that every validation outcome and exception is reproducible and defensible in regulatory
examinations and internal audit reviews.
Finally, this study seeks to benchmark the performance of automated validation against traditional manual
CCAR validation frameworks using metrics such as defect detection coverage, remediation cycle time, validation
accuracy, audit readiness, and operational cost efficiency [14], [18]. This comparative evaluation establishes the
tangible regulatory and business value of automation in enterprise CCAR reporting environments.
IV. SYSTEM ARCHITECTURE FOR AUTOMATED CCAR VALIDATION
The proposed automated validation framework for CCAR FRY-14M/Q reporting pipelines is designed to provide
continuous, scalable, and audit-ready regulatory data validation across the full reporting lifecycle. The
architecture adopts a modular, layered design that separates data acquisition, standardization, validation, reconciliation,
exception handling, and governance functions. This separation of concerns ensures scalability across large enterprise
data volumes, fault isolation across distributed banking systems, and full regulatory traceability required under CCAR,
BCBS 239, and SOX compliance regimes [7], [8], [15].
The architecture consists of six tightly integrated layers:
(1) Source Systems Layer,
(2) Data Ingestion and Standardization Layer,
(3) Automated Validation Rules Engine,
(4) Reconciliation and Exception Management Layer,
(5) Regulatory Reporting and Submission Layer, and
(6) Governance, Audit, and Lineage Layer.
4.1 Source Systems Layer
The source systems layer represents the origination point of all data elements consumed by FRY-14M and FRY-14Q
submissions. This includes core banking platforms, loan origination and servicing systems, customer information
systems, collateral management systems, trading platforms, treasury systems, general ledger platforms, and model
output repositories supporting PD, LGD, and EAD calculations [3], [10].
These systems operate independently and generate highly heterogeneous datasets with differing update frequencies,
data models, and control environments. Retail portfolios often update daily, while wholesale and trading exposures
may refresh intraday. The architecture therefore assumes asynchronous, multi-source ingestion with varying
latency characteristics, which necessitates robust downstream standardization and validation controls [6].
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4.2 Data Ingestion and Standardization Layer
The ingestion and standardization layer is responsible for extracting, transforming, and harmonizing data from
upstream source systems into a unified CCAR staging environment. This layer enforces canonical data models aligned
to FRY-14 technical instructions and regulatory data dictionaries [1], [3].
Core functions of this layer include schema normalization, code value standardization, reference data alignment, unit-
of-measure harmonization, and Effective Date normalization across reporting periods. Incremental ingestion
mechanisms detect new, changed, and deleted records to avoid full reloads during monthly and quarterly cycles [11].
Basic structural validation is performed at this stage to detect malformed records, missing mandatory attributes, and
incompatible data type conversions prior to entering the regulatory validation pipeline [10]. This ensures early defect
interception before risk aggregation and model consumption.
4.3 Automated Validation Rules Engine
The automated validation engine forms the analytical core of the architecture. It executes structural, referential,
business, and risk-based validation rules on standardized FRY-14 datasets. Validation rules are parameterized using
metadata-driven configurations that allow rule reuse across reporting cycles and across retail, wholesale, and trading
portfolios [12], [14].
Structural rules validate schema conformance against FRY-14 technical specifications. Referential integrity rules
ensure consistency across borrower, facility, product, and collateral dimensions. Business rules validate regulatory
constraints such as risk rating ranges, balance sign restrictions, date sequencing constraints, and portfolio
classifications [4].
In addition, threshold-based validation is applied to critical risk measures including balances, EAD, PD, LGD,
provisions, and capital components. Rolling statistical baselines and regulatory tolerances are used to capture
abnormal movements indicative of data defects or model instability [12], [13].
4.4 Reconciliation and Exception Management Layer
The reconciliation layer performs cross-system, cross-form, and cross-period consistency validation. Core
reconciliations include:

o  Sub-ledger to general ledger reconciliation

e Risk engine exposures to accounting balances

e FRY-14M to FRY-14Q alignment

e  Current period to prior period trend reconciliation
These reconciliations are critical to ensuring that regulatory capital inputs remain consistent with financial reporting
and risk management systems [11], [13].
The exception management subsystem captures all validation failures and reconciliation breaks into a centralized
exception repository. Each exception is enriched with severity classification, affected portfolios, impacted attributes,
and regulatory materiality indicators. Workflow orchestration enables controlled routing to data owners, model risk
teams, finance partners, and regulatory reporting groups for timely remediation [15].
4.5 Regulatory Reporting and Submission Layer
The regulatory reporting layer assembles validated datasets into FRY-14M and FRY-14Q submission-ready files that
conform to Federal Reserve formatting specifications and submission controls [1], [2]. This layer enforces final pre-
submission gating controls, preventing unvalidated or unresolved material exceptions from entering regulatory
packages.
Submission controls include completeness certification, final reconciliation sign-off, and management attestation
workflows. These controls ensure that only fully validated and governance-approved datasets progress to formal
regulatory submission.
4.6 Governance, Audit, and Lineage Layer
The governance layer provides end-to-end traceability, auditability, and regulatory defensibility for the entire
CCAR validation framework. Every data element, validation rule, threshold parameter, reconciliation check, and
exception outcome is captured with full lineage metadata [7], [15].
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Validation rule versioning enables historical re-execution of regulatory checks under the exact logic applied at the
time of submission. Evidence repositories store validation logs, reconciliation results, exception remediation records,
and management certifications required for internal audit, external audit, and regulatory examinations [6].

This layer supports compliance with BCBS 239 principles for data accuracy, completeness, timeliness, adaptability,
and traceability across enterprise risk data pipelines [8].

4.7 Cross-Layer Reliability and Control Enforcement

Reliability is enforced through layered checkpoints, restartable processing, and fault isolation mechanisms. Failures
in ingestion, validation, or reconciliation do not cascade across the regulatory pipeline. Instead, they are isolated to
affected portfolios and reporting windows using controlled partitioning and rerun strategies [11], [14].

Upstream data quality defects automatically suppress downstream submission readiness while generating high-
severity regulatory exceptions. This prevents contaminated data from advancing into regulatory reporting packages
and preserves examiner confidence in automated control effectiveness.

~ Source Systems
Core Banking, Loan, Risk, Trading, GL, ...

Validation Rules Engine
Structural Referential Business
Validation Validation Rule Validtion

v
Reconciliation & Exception Management
Cross-System Exception
Reconcilication Workfiow

Regulatory Reporting & Submission
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Lineage Tracking & Reporting

Fig 2: End-to-End Automated Validation Architecture for CCAR FRY-14M/Q Pipelines

V. DATA VALIDATION TECHNIQUES FOR FRY-14M/Q

FRY-14M and FRY-14Q datasets contain highly granular, loan-level and exposure-level attributes that directly drive
supervisory stress loss projections and capital calculations. Consequently, validation techniques must ensure not only
structural correctness, but also risk integrity, accounting consistency, and regulatory interpretability [1], [2],
[4]. The proposed automated framework implements five complementary classes of validation controls across the
CCAR pipeline.

5.1 Structural Schema Validation

Structural validation ensures that all inbound FRY-14 datasets conform to Federal Reserve technical instructions in
terms of column presence, data types, mandatory field population, and file layout standards [1], [3]. Missing
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mandatory attributes, invalid data types, malformed dates, and schema drift are intercepted before downstream risk
aggregation. Early structural validation minimizes late-stage regulatory submission failures.

5.2 Referential Integrity Validation

Referential integrity checks enforce consistency across borrower, facility, product, collateral, and counterparty
dimensions. These controls ensure that all foreign keys in FRY-14 fact tables correctly reference authoritative master
data [10]. Orphaned exposures, invalid customer identifiers, and broken portfolio mappings are flagged as high-
severity regulatory defects due to their impact on modeled losses and portfolio segmentation [6].

5.3 Business Rule and Regulatory Constraint Validation

Business rule validation enforces regulatory logic embedded in FRY-14 specifications, such as balance sign
constraints, delinquency bucket boundaries, maturity date sequencing, charge-off status transitions, and risk rating
ranges [4], [11]. These rules prevent logically inconsistent risk positions from entering stress testing models and ensure
regulatory comparability across reporting cycles.

5.4 Threshold-Based Risk Metric Validation

Threshold-based validation detects abnormal movements in quantitative risk measures such as exposure at default
(EAD), probability of default (PD), loss given default (LGD), allowances, provisions, and capital components [12],
[13]. Rolling baselines, regulatory tolerance bands, and quarter-over-quarter variance limits are applied to identify
data drift, model instability, or ingestion defects. Threshold violations are materiality-scored to prioritize supervisory-
relevant exceptions [5].

5.5 Cross-Form and Cross-Period Reconciliation

Automated reconciliation ensures alignment between FRY-14M monthly submissions and FRY-14Q quarterly
aggregates, as well as consistency with general ledger and risk engine balances [3], [13]. Trend-based reconciliation
across reporting periods further detects abnormal portfolio migration, balance discontinuities, and unexplained
volatility that may indicate upstream data corruption or model defects.

TABLE 1: COMMON FRY-14M/Q VALIDATION TECHNIQUES AND REGULATORY IMPACT

Mandatory FRY-14 attribute Incomplete data Submission

(11, [3]

missing submission rejection risk

Invalid borrower or facility Orphaned exposure Incorrect loss [6], [10]

ID records projections

Negative outstanding Logical inconsistency MRA/MRIA risk  [4], [11]

balance

EAD spike beyond tolerance ~Abnormal portfolio Capital volatility  [12], [13]
movement

FRY-14M vs FRY-14Q Monthly—quarterly Supervisory [31, [13]

mismatch inconsistency objection

Quarter-over-quarter Data drift or ingestion Regulatory [5], [14]

balance jump failure investigation

Risk balance vs GL Accounting vs risk SOX and CCAR [10],[15]

mismatch break finding

PD  outside calibrated Model input instability ~ Stress loss [12],[16]

bounds distortion

VI. DATA GOVERNANCE, CONTROLS, AND AUDITABILITY
Robust data governance and auditability are foundational requirements for CCAR regulatory reporting because FRY -
14M/Q datasets directly influence supervisory capital assessments and regulatory determinations [1], [2], [7].
Automated validation without strong governance controls exposes institutions to model risk, regulatory objections,
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and audit deficiencies. The proposed framework embeds governance across the full CCAR data lifecycle, ensuring
that validation execution, exception resolution, and regulatory certification are fully traceable and reproducible.
6.1 Regulatory Data Lineage and Traceability

End-to-end data lineage is enforced from source systems through ingestion, transformation, validation, reconciliation,
and regulatory submission. Each FRY-14 data element is persistently linked to its source system, transformation logic,
validation rules, and reconciliation outcomes [7], [8]. This traceability enables rapid root-cause analysis during
regulatory examinations and supports BCBS 239 compliance for accuracy and transparency.

6.2 Validation Rule Governance and Version Control

Validation rules evolve continuously due to regulatory interpretation updates, portfolio changes, and model revisions.
The framework enforces formal rule versioning, effective dating, and controlled deployment workflows to ensure
that historical submissions can be reconstructed exactly as originally validated [6], [15]. Rule changes require
governance approval and impact analysis prior to activation.

6.3 Exception Lifecycle Management and Ownership Controls

All validation and reconciliation failures are captured within a centralized exception repository and governed through
a structured lifecycle that includes detection, assignment, remediation, verification, and regulatory closure [11], [15].
Each exception is assigned regulatory materiality, portfolio scope, and accountable data owners, ensuring clear lines
of responsibility across risk, finance, and IT domains.

6.4 Audit Evidence Management and Regulatory Certification

Automated evidence management stores validation logs, reconciliation results, remediation actions, and management
attestations required for internal audit, model risk governance (SR 11-7), SOX, and regulatory examinations [6], [16].
Evidence artifacts are immutable and retained in accordance with regulatory record retention requirements. Final
submission certification is executed only when all material exceptions are formally resolved.

6.5 Internal Control Integration and SOX Alignment

The automated framework integrates directly with enterprise internal control frameworks to support SOX financial
reporting controls, regulatory change management, and independent audit testing [15], [17]. Control effectiveness
metrics are continuously monitored to detect control degradation across reporting cycles.

6.6 Regulatory Defensibility and Supervisory Readiness

By unifying validation execution, exception governance, lineage, and evidence capture, the framework ensures that
every FRY-14M/Q submission is technically sound, operationally certified, and regulator-defensible. This
significantly reduces the risk of Matters Requiring Attention (MRAs), data remediation programs, and capital
distribution restrictions [4], [5].

TABLE 2: CCAR DATA GOVERNANCE AND AUDIT CONTROLS WITH REGULATORY OBJECTIVES

End-to-end traceability from All Layers BCBS 239 accuracy and [7], [8]
source to FRY-14 transparency
submission

_ Controlled  lifecycle of Validation Reproducible regulatory [6], [15]
regulatory validation rules Engine audits

_ Accountable data owners for Exception Timely remediation and [11], [15]
each defect Management accountability
Immutable storage of Governance Audit and examiner [6],[16]
validation and reconciliation Layer defensibility
logs

_ Formal sign-off prior to Reporting CCAR governance [2], [5]
FRY-14 submission Layer compliance

Alignment with financial Enterprise Financial and regulatory [15], [17]
reporting controls Controls assurance
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_ Controlled adoption of new Rule Continuous  regulatory [1], [3]

FRY-14 rules Management  alignment

_ Risk-based prioritization of Validation Efficient supervisory [4], [11]
defects Engine risk management

VII. IMPLEMENTATION METHODOLOGY
The proposed automated validation framework was implemented using a bank-scale CCAR reporting pipeline
simulation designed to reflect realistic FRY-14M and FRY-14Q production environments. The methodology
integrates heterogeneous source systems, metadata-driven validation rule configuration, enterprise-grade exception
workflows, and audit-ready evidence management to evaluate both technical effectiveness and regulatory defensibility
(11, 3], [7].
7.1 FRY-14M/Q Dataset Characteristics
The implementation environment modeled representative FRY-14M and FRY-14Q datasets spanning retail credit,
wholesale loans, counterparty exposures, trading positions, and capital components. Datasets contained millions of
loan-level and exposure-level records per reporting cycle, with associated borrower, facility, collateral, and risk
attribute dimensions [1], [3], [10]. Synthetic defects such as missing attributes, referential breaks, abnormal PD and
EAD shifts, and balance discontinuities were intentionally injected to evaluate detection sensitivity [4], [12].
7.2 Enterprise Reporting Pipeline Configuration
Source system feeds were staged through a canonical CCAR data model aligned with Federal Reserve technical
instructions. Incremental ingestion was configured to process monthly and quarterly deltas rather than full reloads to
reflect real-world CCAR operational constraints [11], [13]. Portfolio-level partitioning (retail, commercial, trading)
enabled parallel validation execution and isolation of validation failures by asset class.
7.3 Validation Rule Configuration Strategy
Structural, referential, business, and threshold-based validation rules were parameterized using metadata repositories.
Rule definitions were externalized from code to support regulatory change governance and reuse across reporting
cycles [6], [14]. Threshold tolerances for PD, LGD, EAD, balances, and provisions were calibrated using rolling
historical baselines and supervisory materiality guidance [12], [13].
7.4 Exception Workflow and Remediation Implementation
All validation failures were ingested into a centralized exception management system with automated severity scoring,
ownership routing, and remediation tracking [11], [15]. Workflow stages included detection, triage, data correction,
validation re-execution, and regulatory closure. Controlled reprocessing was limited to affected portfolios and
reporting partitions rather than full pipeline reruns, preserving submission timelines.
7.5 Audit Evidence and Certification Process
Validation execution logs, reconciliation outputs, remediation artifacts, and management attestations were
automatically captured in a regulatory evidence repository to support internal audit, SOX testing, and supervisory
review [6], [16]. Historical rule execution was reproducible through version-controlled validation logic, satisfying
regulatory traceability requirements under CCAR and BCBS 239 [7], [8].
7.6 Evaluation Metrics and Benchmarking Approach
Performance evaluation compared the automated framework against a baseline manual CCAR validation model using
metrics including defect detection coverage, validation cycle time, remediation turnaround, audit readiness, and
control effectiveness stability across reporting cycles [14], [18]. These metrics provided quantitative evidence of
automation benefits in regulatory accuracy, operational efficiency, and governance resilience.

VIII. PERFORMANCE EVALUATION AND RESULTS
The automated CCAR validation framework was evaluated against a baseline manual validation model across
multiple simulated FRY-14M and FRY-14Q reporting cycles. Performance was measured using regulatory-relevant
metrics including defect detection coverage, validation cycle time, exception remediation turnaround, audit evidence
completeness, and submission readiness stability [6], [14], [18].
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8.1 Manual Validation Baseline Performance

Under the manual framework, most validation activities were executed through spreadsheet-driven controls, sampling-
based reviews, and post-aggregation reconciliations. Defect detection was heavily dependent on analyst experience
and time availability. Material defects were frequently discovered late in the reporting cycle, often during pre-
submission reconciliation or internal audit testing [4], [10]. This resulted in compressed remediation windows,
elevated model risk exposure, and high operational stress during quarterly submissions.

Average validation cycle time under the manual model extended across a significant portion of the reporting window,
with exception rework frequently delaying management certification and regulatory submission readiness [6], [15].
8.2 Automated Validation Performance Outcomes

The automated framework demonstrated substantial improvements across all measured dimensions. Validation
execution time was reduced significantly due to continuous rule-based enforcement at ingestion and aggregation
stages. Structural, referential, and business rule defects were detected immediately upon data arrival rather than during
end-stage reconciliation [1], [11].

Threshold-based validation enabled early detection of abnormal PD, LGD, EAD, balance, and provision movements,
allowing data and model owners to remediate issues well before regulatory cutoffs [12], [13]. Automated cross-form
reconciliation between FRY-14M and FRY-14Q eliminated many month-to-quarter consistency breaks that previously
required extensive manual investigation.

8.3 Exception Management and Remediation Efficiency

Centralized exception management significantly improved remediation efficiency. Automated severity classification
and ownership assignment accelerated triage and resolution workflows [11], [15]. Controlled portfolio-level
reprocessing eliminated full-pipeline reruns, preserving quarterly submission schedules while ensuring data integrity.
Remediation cycle times improved measurably as validation re-execution occurred immediately after data correction
rather than waiting for batch review windows.

8.4 Governance, Audit, and Regulatory Readiness Impact

Automated evidence capture and validation lineage strengthened audit defensibility and reduced reliance on ad hoc
documentation [6], [16]. Internal audit review cycles were streamlined due to the availability of reproducible rule
execution logs, exception histories, and management certifications.

From a regulatory perspective, the automated framework materially improved submission readiness confidence,
control reliability, and examiner transparency, directly supporting CCAR qualitative assessment expectations
under BCBS 239 and supervisory guidance [7], [8].

IX. LARGE BANK CCAR REPORTING CASE STUDY

This case study examines the implementation of the proposed automated validation framework within a simulated
Tier-1 U.S. banking institution subject to full CCAR supervisory stress testing and FRY-14M/Q reporting
requirements. The institution operates a highly diversified portfolio spanning retail credit, wholesale banking,
commercial real estate, counterparty credit risk, and trading exposures, with data sourced from more than fifty
upstream transactional and risk systems [1], [3], [6].
9.1 Pre-Automation Reporting Challenges
Prior to automation, the bank relied on a hybrid validation model combining partial system checks with extensive
manual spreadsheet-based controls. Key challenges included:

e Late-stage discovery of FRY-14 defects during pre-submission reconciliation

e Inconsistent interpretation of regulatory rules across business units

e Repeated manual reconciliation between risk engines and the general ledger

e Limited end-to-end data lineage and weak audit traceability

e  High operational strain during quarterly reporting cycles
Regulatory examinations frequently issued findings related to data completeness, reconciliation gaps, and insufficient
pre-aggregation controls, increasing remediation cost and supervisory scrutiny [4], [5].
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9.2 Automation Deployment Strategy
The automated validation framework was deployed in phases across retail, wholesale, and trading portfolios.
Structural and referential rules were activated first, followed by business-rule and threshold-based validations for
material risk metrics such as EAD, PD, LGD, balances, and provisions [12], [13]. Cross-form reconciliation between
FRY-14M and FRY-14Q was integrated into the centralized exception management platform.
Governance controls for rule versioning, exception ownership, and evidence retention were operationalized in parallel
with validation execution to ensure audit readiness from the outset [15], [16].
9.3 Post-Deployment Qutcomes
After full deployment, the institution observed measurable operational and regulatory improvements:

e Early-cycle defect detection replaced end-stage manual discovery

e  Month-to-quarter FRY-14 reconciliation breaks declined materially

e Manual spreadsheet controls were significantly reduced

e Validation execution became fully repeatable and auditable

e  Quarterly submission readiness stabilized despite portfolio growth
Threshold-based controls enabled earlier detection of abnormal portfolio movements, preventing several late-stage
model input rework cycles [12].
9.4 Regulatory and Governance Impact
From a supervisory perspective, examination feedback reflected improved confidence in pre-submission controls,
lineage transparency, and remediation governance. Internal audit reliance on automated evidence reduced
validation walkthrough duration and improved control testing efficiency [6], [16].
The case study confirms that automated CCAR validation materially strengthens both quantitative submission
accuracy and qualitative governance assessments, directly supporting supervisory expectations under CCAR and
BCBS 239.

Source Systems Layer

Dataslngestien &

End-to-End
Automated
Validation Architecture
for CCAR FRY-14M
Reporting Pipelines

Regulatory Reporting
& Submission

Governance & Audit Layer

Fig 3: Automated CCAR Validation and Regulatory Submission Lifecycle
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X. DISCUSSION

The results of this study demonstrate that automated validation frameworks significantly strengthen the reliability,
scalability, and regulatory defensibility of CCAR FRY-14M/Q reporting pipelines. Compared to legacy manual
validation models, automation enables earlier defect detection, continuous enforcement of regulatory rules, and
systematic reconciliation across heterogeneous source systems [6], [11], [14].
The integration of structural, business-rule, threshold-based, and cross-form validations ensures that both data
integrity and risk metric stability are continuously monitored throughout the reporting lifecycle [12], [13]. This layered
validation approach directly supports supervisory expectations for proactive control environments under CCAR and
BCBS 239 [7], [8].
From a governance perspective, the implementation of rule versioning, exception ownership, and evidence
traceability materially improves audit readiness and reduces subjectivity in regulatory submissions [15], [16]. The
framework also provides operational resilience by isolating defects at the portfolio level, thereby preventing full-
pipeline disruptions during monthly and quarterly cycles. Overall, the study confirms that automated validation is no
longer a technical enhancement but a regulatory necessity for large banking institutions.
XI. LIMITATIONS OF THE STUDY
Despite its effectiveness, the proposed framework has certain limitations:

1. Validation rule interpretation still depends on evolving regulatory guidance, requiring continuous governance

oversight.

2. Threshold calibration for PD, LGD, and EAD remains sensitive to model recalibration cycles.

3. The study relies on a simulated Tier-1 bank environment rather than longitudinal production telemetry.

4. Non-deterministic model-driven stress behaviors may not always be captured through deterministic

validation rules.

5. Real-time intraday CCAR validation was not evaluated.
These limitations indicate that while automation greatly strengthens CCAR validation, expert regulatory judgment
and ongoing model risk governance remain essential.

XII. FUTURE SCOPE

Future research and platform enhancements may include:

e  Machine learning—driven adaptive validation rule tuning.
Predictive anomaly detection for stress model input drift.
Streaming validation for intraday capital stress scenarios.
Automated regulatory interpretation mapping using natural language processing.
Cross-regulatory harmonization of validation frameworks across CCAR, IFRS 9, and CECL.

e Autonomous remediation recommendation engines for recurring validation failures.
These directions will further advance CCAR validation from reactive compliance to predictive regulatory
intelligence platforms.

XIII. CONCLUSION

This research presented a comprehensive automated validation framework for CCAR FRY-14M and FRY-14Q
reporting pipelines designed to address the scale, complexity, and regulatory sensitivity of modern stress testing
environments. The framework integrates structural validation, business-rule enforcement, threshold-based risk metric
controls, reconciliation automation, exception governance, and audit-ready lineage into a unified regulatory
architecture.

Implementation and performance evaluation confirm that automation significantly improves defect detection
timeliness, remediation efficiency, audit defensibility, and submission readiness stability. The Tier-1 bank case
study further demonstrates that automated CCAR validation materially strengthens both the quantitative accuracy and
qualitative governance dimensions of supervisory assessments. The proposed framework provides a practical
RegTech reference model for enterprise-grade CCAR validation automation.
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