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Abstract: In the global banking sector, the ability to trace data across complex, multi-jurisdictional systems has become a critical 

requirement for ensuring compliance, operational transparency, and regulatory reporting. Increasingly stringent frameworks such as 

the Basel Committee on Banking Supervision (BCBS 239), the General Data Protection Regulation (GDPR), and Dodd-Frank 

emphasize accurate and auditable data flows to mitigate risks and strengthen financial stability. In this context, data lineage, the 

process of tracking the origins, transformations, and movements of data emerges as a foundational capability for meeting both 

regulatory and organizational objectives. The proposed paper will combine metadata repositories with lineage tools in a framework 

that allows identifying data sources systematically, capturing metadata, visualizing lineages and impact reporting, and compliance 

dashboards. It is a technical in perspective business and regulatory framework which is based on the technical, business and 
regulatory perspective to achieve compliance requirements as well as enhance efficiency in operations. The real-life examples in 

the industry which can be used to explain the theoretical insights include, but are not limited to, the application of the BCBS 239 

risk reporting, GDPR in the local subsidiaries, and anti-money laundering (AML) oversight. The value of the study lies in the fact 

that it gives a proposal of the framework, investigates the industry application, and gives implications on compliance, risk 

management, and governance. Findings highlight the importance of collaboration among the regulators, banks, and technology 

providers so that lineage becomes a long-term strategic capability. 
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1. Introduction 
The modern banking institutions are in the interconnected and technologically evolved world where huge quantities of data are 

shared, processed and stored in different places. All the financial transactions, customer records, credit risk, market data and 

compliance related information are all done simultaneously in the global banks. It is also complicated by the growth of digital 

banking services, the cross-border payment service, and application of fintech services [1]. The information in such settings is 

extremely heterogeneous, as it includes structured data on core banking systems, information that is not structured, and live 

streaming transactions. The power to structure, analyze and store this information safely is essential towards operational efficiency 

and regulatory consistency. Global banks are regulated under a large range of jurisdiction-specific laws and regulations of their 
operations. Indeed, the European Union has a strict privacy and data protection requirement (General Data Protection Regulation, 

GDPR), whereas in the United States, there are industry-specific requirements, including the Dodd-Frank Act and the Sarbanes-

Oxley Act [2].  

 

On the same note, Basel Committee on Banking Supervision (BCBS 239) mandates risk data aggregation and reporting rules 

on all the banking institutions in the world. The various regulatory requirements tend to overlap or be in conflict with each other to 

provide a complex compliance environment. In addition, certain jurisdictions have laws that localize data, limiting cross-border 

transfer of data, making it difficult to have a centralized model of data governance.  This has therefore given multinational banks 

the dual responsibility to have consistency globally and also adapt to local compliance requirements. The concept of data 

traceability, which describes the possibility of identifying the source, movement and transformation of data between systems, plays 

a crucial role in dealing with the issue of multi-jurisdictional banking.  

 
Transparency in data lineage is gradually becoming a requirement among regulators to check the integrity and reliability of 

regulatory reporting. Indicatively, at the time of submission of financial statements or risk models, regulators require institutions to 

show origin of information, the way it was processed and the systems used to give it a final shape [3]. Proper data lineage enables 

the banks to detect the mistakes, minimize the operational risk, and react almost immediately to compliance audit. Devoid of 

effective traceability, institutions are liable to penalties, lost reputations, and fundamental weaknesses of the system. Thus, data 

lineage is now not only a technical requirement but also a strategic prerequisite of trust and accountability in international finance 

[4]. 
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This paper is aimed at presenting a model of the implementation of metadata management and lineage tools in multi-jurisdictional 

banking settings. The structure will meet the compliance needs and improve data governance and operational transparency. This 

research:  

 Analyze the complexity of global banking data flows and regulatory obligations. 

 Explore existing metadata and lineage tools and their applications in industry. 

 Develop a structured framework for data lineage and impact analysis tailored for multi-jurisdictional banks. 

 Illustrate practical use cases such as regulatory reporting, anti-money laundering (AML), and risk data aggregation. 

 Discuss challenges and opportunities in implementing the proposed framework. 

 

The paper aims at filling the gap between the research and industry practice and regulatory expectations. 

 
Figure 1: Theoretical Flow of data movement in a global bank across jurisdictions 

 

2. Literature Review 
Data governance offers the basis to promote accountability, accuracy, and transparency in the use of organizational data. 

Frameworks usually focus on roles, policies, standards and technological mechanisms facilitating uniformity and regulatory 

adherence. In these models, data lineage has become an essential concept, which describes the development of data starting with its 

origin to alterations until its final or re use [5]. Lineage allows the organizations to visualize interdependence across systems, 

observe data quality and traceability. According to the scholars, the inculcation of lineage in the process of governance increases 

the reliability of reporting and decision-making in risky areas like banking [6]. One of the major reasons behind the adoption of 

lineage in international banks is the fact that different banks have varying regulatory requirements. Basel III has given more 

importance to proper reporting of capital adequacy and risk exposure and as such a strong lineage has to be in place to show the 
integrity of the data in financial calculations [7].  

 

BCBS 239, similarly, provides the principles of an effective risk data aggregation to ensure that the banks have to aggregate 

and report risk data swiftly and on a regular basis and the only way such data aggregation can be achieved is by ensuring that the 

data flowing through the systems are traceable [5]. The General Data Protection Regulation (GDPR) in the European Union 

establishes transparency in the treatment of personal information and requires companies to have control over its location and 

processing of personal information. In United States, Dodd-Frank and Sarbanes-Oxley Act (SOX) places a wide scope of reporting 

requirement especially on finances transparency and internal controls. The audit trail requirements of trade reporting and market 

surveillance are further reinforced in MiFID II in Europe. All of these necessities render data lineage a compliance mandate, a risk 

mitigation and operational resilience mechanism [5]. 

 
Lineage programs are based on metadata management approaches. The traditional systems rest on the centralized data catalogs 

where the descriptive, structural, and operational metadata are stored such that they are accessible to the user to search and 

manipulate the datasets [6]. The more advanced approaches store graph modeled data in graph based stores to model compound 
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relationships between data sets in order that lineage queries and impact analysis becomes easier to perform. Automation has 

become increasingly important: it is now possible to find lineage as a direct offloading of ETL pipelines, SQL queries, and cloud 

services, not requiring human oversight [6]. Despite these developments, metadata management has yet to be scaled to a 

heterogeneous environment consisting of legacy systems, cloud platforms and real-time analytics, with some difficulties. Several 

commercial and open-source tools have emerged with the interest of implementing metadata and lineage management. Collibra is a 

commercial data governance application with effective stewardship, workflow, and regulatory integrity features [8].  
 

Informatica offers a full metadata solution that is combined with its data integration solution that is automation and 

supportable when working with large banking systems [9]. Alation is a data cataloging system that allows collaborative 

stewardship and visualizations of lineage [9]. Being an open-source project, Apache Atlas is easy to extend and integrates with the 

Hadoop ecosystem by default, which makes it an affordable option to organizations that need flexibility [9]. All these tools possess 

their advantages and disadvantages and thus the choice of tools is dependent. 

 

Table 1: Comparison of Major Metadata/Lineage Tools and Features 

Tool / 

Platform 

Core Capabilities Strengths in Banking 

Context 

Limitations / Challenges Example 

Adoption 

Collibra Data governance, catalog, 

lineage visualization 

Strong regulatory 

alignment, business 

glossary support 

Costly, integration with legacy 

systems can be complex 

HSBC, ING [7] 

Informatica Metadata management, 

automated lineage, ETL 
integration 

Scalable, enterprise-

grade lineage for BCBS 
239 reporting 

High implementation cost, heavy 

IT dependency 

Deutsche Bank 

[13] 

Alation Data catalog, collaborative 

governance, policy 

management 

User-friendly, 

encourages adoption 

across business + IT 

Less technical depth for complex 

ETL lineage 

JP Morgan [6] 

Apache 

Atlas 

Open-source metadata and 

lineage framework 

Flexibility, extensible for 

custom banking use 

cases 

Requires strong internal 

expertise, weaker out-of-box 

compliance features 

Used in 

Hadoop-based 

banking data 

lakes [9] 

 

Though some strides have been taken, there are still some significant gaps. One, it has no standard lineage models among 

vendors and platforms, so interoperability problems arise [3]. Second, numerous tools continue to be excessively manual in their 

configuration, which is costly and error-prone. Third, the regulatory fragmentation still becomes an obstacle in the development of 

a coherent international system of data lineage. Lastly, the academic literature does not provide many empirical studies exploring 

the quantitative measurement of the financial or compliance returns of lineage adoption in banking, and thus additional case-based 
and cross-jurisdictional research is needed [4]. A proper solution to these gaps is necessary to construct a comprehensive structure 

that supports the needs of both the requirements of the regulatory and the industry. 

 

3. Metadata Integration, Impact Analysis and Data Lineage 
3.1. Definitions 

Data lineage is the life cycle of data that has to trace the source of data and its pathways, changes, and its final application in 
the information systems of an organization [8]. It offers a clear history of the origin of data, its processing received, and which 

output of the business it is affecting. Impact analysis is used as a complement of lineage to determine the downstream 

consequences or effects of change in data sources, processes, or systems and as a result, organizations are able to anticipate the 

potential risks and costs in implementing improvements. Metadata integration is also a very important part of the process as it aids 

in the process of integrating structural, descriptive and operational metadata into repositories. Combining the lineage, impact 

analysis and metadata creates a governance framework which enhances the efficiency of the auditability process, regulatory 

compliance and decision making process in the global banking systems [8]. 

 

3.2. Dimensions of Lineage 

Data lineage is not a unit phenomenon but it has numerous dimensions. 

 Technical lineage A paper where the physical flows of information between databases, ETL pipelines, and analytics tools 

are monitored. It helps IT departments to debug data quality issues and ensure systems interoperability. 
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 The business lineage refers to the connection that the data elements have with business ideas, business policies and 

business rules, the business lineage assists regulators and auditors to comprehend data in a significant manner within 

compliance settings. 

 Operational lineage Process-oriented section consists of the data ownership, stewardship and implementation of the 

workflow. 

When the lenses are overlayed, the institutions come up with a composite perspective of the information that meets the 
demands of both the technical employees and the corporate stakeholders. This multi-layered view is particularly applicable in the 

structured industries where the precision of technology and readability of business are both taken to be of the utmost importance 

[8]. 

 

3.3. Multi-Jurisdictional Complexity 

International banks are faced with a special challenge of multi-jurisdictional operations since they have to contend with 

lineage. The data crossing the national lines is often exposed to various and even inconsistent legal regulations. One such example 

is the GDPR of the European Union that outlaws transfer of personal data out of the EU unless the precautions are made 

appropriate. Countries such as China and India where financial data must be processed and kept within the boundaries of the 

country have stringent legislations that have been enacted concerning data localization [9]. Such laws complicate the ability to have 

central data control and force banks to use hybrids between local and international controls. On top of that, the fact that sensitivity 
of data according to various jurisdictions is varied complicates the development of standard lineage systems. Therefore, lineage 

frameworks must be flexible to allow centralized metadata combination as well as those that are decentralized and jurisdiction 

specific controls [9]. 

 

3.4. Stakeholders 

The lineage and impact analysis can only be successful when different stakeholders collaborate. The compliance officers also 

use lineage to demonstrate that they are enforcing the rules and are prepared to run audits. Regulators on their part would insist on 

the lineage to prove the fact that reported figures are accurate and are founded on approved procedures. The lineage capturing, 

storing and visualizing technical systems are designed by IT experts and data architects, and are intended to be scalable and secure. 

Finally, quality assurance, impact assessment, and decision support are not the only applications of the lineage by business data 

stewards and analysts. This multi-stakeholder ecosystem points out that the lineage of data is much more than a technical process 

but is a socio-technical system that balances the business, regulatory and technical ontologies. Concurring with these groups is a 
major step to an effective adoption in multi-jurisdictional banking systems [8], [9]. 

 

4. Data Lineage and Impact Analysis Framework 
4.1. Building to Integrate Lineage Tools and Metadata Repositories 

The efficiency of lineage and impact analysis in the global banking settings is determined by the architectural integration of 

lineage tools and metadata repositories as strong. Metadata repositories serve as focal points, they hold technical, operational, and 

business metadata, and lineage tools trace, display and analyze data flows within the systems. In an ordinary set up ETL pipelines, 
transactional databases, data warehouses and analytics platforms are constantly creating lineage information. This information gets 

passed on to a metadata repository where it gets harmonised and indexed. Contextual information is then synthesized by lineage 

tools out of this repository, which provides a single perspective of data movement and transformation [10]. To attain 

interoperability, more and more banks are using metadata standards and APIs whereby lineage information can be ingested through 

heterogeneous systems. Such an integration into architecture does not only facilitate the technical troubleshooting, but also the 

compliance because a regulator and auditor can pursue the flow of how particular data points affect financial reporting. 

Furthermore, it gives business users clear understanding of the relationship among datasets and business processes, in order to 

maintain internal consistency in technical lineage and business goals. 

 

4.2. Fitting Regulatory Requirements onto Data Flows 

The regulatory frameworks carry strict requirements to the financial institutions that it is necessary to directly project the 
requirements to the data flows. Indicatively, the BCBS 239 requires banks to illustrate the manner in which risk information is 

consolidated between trading desks and jurisdictions [10]. This involves mapping of regulatory reporting requirements with 

reference to particular data sources, transformations, and outputs. On the same note, the GDPR also mandates businesses to prove 

the flow of personal information across borders, using legitimate means and inter-country security. Mapping implies linking 

regulatory requirements to lineage artifacts. One regulatory demand e.g., provide audit trail of credit risk exposure calculations can 

be mapped to various data flows, between customer databases, credit scoring models and risk aggregation systems. By storing such 

mappings in metadata repositories, compliance requirements will be apparent in lineage representations. In practice, this will assist 

auditors in ensuring that all regulatory figures are supported using evident traceable data flows. 
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4.3. Extraction of Lineage with AI/ML: Task of Automation 

The lineage documentation that is written by hand cannot be used in big multijurisdictional banks. There is therefore the need 

of automation. The new lineage instruments, which are based on log parsing, query analysis and the pipeline inspection, are used 

since they automatically record the data transformations. Its elaboration through the development of the artificial intelligence (AI) 

and machine learning (ML) further discusses it by permitting the identification of the patterns in the extraction of lineages. An 

example is the derivation of lineage using an SQL query history, ETL log, and unstructured documentation by means of AI [11]. 
Machine learning also can be applied to better anomaly detection by identifying inconsistencies in lineage such as unexpected data 

flows or missing metadata. In addition, a natural language processing (NLP)-based approach can map the vocabulary of business to 

technical objects and business legacy is mapped to the technical one. Automation can reduce the level of human error and the time 

consuming lineage capture is also accelerated such that the repositories are kept abreast with current changing environment even in 

a fast changing environment. 

 

4.4. Risk-Based Impact Analysis in Multi-Jurisdictional Situations 

Impact analysis calculates the effect of downstream data changes. In the case of multi-jurisdictional banking, this is risk-based 

since the effects of regulations and operations vary with different localities. As an example, in Basel III compliance in Europe, 

Dodd-Frank reporting in the United States, and local regulatory requirements in Asia, a shift in the logic of credit risk calculation 

would be felt. A risk based framework ranks such impacts based on the severity, probability and regulatory importance. The lineage 

tools assist the banks in simulating a situation involving what-ifs in that they graphically display the downstream dependencies. 
One instance is that they are able to illustrate how a contaminated data feed is transmitted up the financial reporting chains. Risk-

based scoring will allow compliance left to work on crucial issues first, thus resources are well allocated. Risk assessment into 

lineage implementation provides institutions with proactive performance in monitoring, which is not limited to technical failures 

only, but also regulatory malpractices. 

 

4.5. Data-Sharing Constraints, Privacy and security 

Despite the fact that lineage increases transparency, security and privacy concerns have been brought to the fore. Having a rich 

history of lineage may accidentally reveal any sensitive information, including personally identifiable information (PII) or trade 

secrets. The presence of such laws as GDPR and the California Consumer Privacy Act (CCPA) forces the companies to secure the 

metadata stores and limit the access to the sensitive lineage information [10]. Banks must then develop levels of protection like the 

encryption of metadata repository, role based access control and access variation between auditors and technical staff. In addition 
to that, cross-border data sharing restrictions are also to be considered. In areas where laws of data localization exist, even lineage 

information can be required to be divided or to be located in certain areas. Secure federated lineage systems, which maintain local 

control while allowing aggregated compliance views, are increasingly adopted to address these challenges. 

 

4.6. Framework Proposal (Step-by-Step Process) 

Based on the preceding analysis, this study proposes a practical framework for data lineage and impact analysis in multi-

jurisdictional banking systems. The framework consists of six key stages: 

 Data Source Identification 
o Catalog all critical data sources across jurisdictions, including transactional databases, external market data feeds, and 

customer information systems. 

o Tag sources with regulatory relevance (e.g., BCBS 239, GDPR, MiFID II). 

 Metadata Capture 
o Employ automated tools to extract technical, business, and operational metadata. 

o Harmonize metadata into a central repository, applying consistent standards across jurisdictions. 

 Lineage Visualization 
o Generate multi-layered lineage views (technical, business, operational). 

o Overlay regulatory requirements onto lineage diagrams for compliance interpretation. 

 Impact Reporting 
o Implement “what-if” simulations to predict the downstream effects of data changes. 

o Prioritize issues using risk-based scoring models, focusing on compliance-critical data flows. 

 Audit and Compliance Dashboards 
o Provide regulators and auditors with dashboards showing lineage evidence. 
o Enable drill-down views from high-level compliance reports to technical lineage traces. 

 Continuous Monitoring and Feedback 
o Establish automated lineage refresh cycles to keep repositories current. 

o Integrate feedback loops from compliance teams, IT staff, and regulators to refine the system. 
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This framework aligns technical, business, and regulatory perspectives, ensuring that global banks achieve both operational 

efficiency and regulatory compliance. 

 

 
Figure 2: Proposed framework architecture with inputs, lineage engine, metadata repository, compliance dashboard 

 

5. Industry Applications 
5.1. Basel Committee on Banking Supervision (BCBS 239) Reporting 

The Basel Committee on Banking Supervision (BCBS) 239 principles require banks to demonstrate strong risk data 

aggregation and reporting capabilities. Data lineage plays a critical role in ensuring compliance by mapping how data flows from 

origination systems to regulatory reports. Through the adoption of lineage-enabled reporting pipelines, banks will be able to 
provide high data accuracy, completeness and traceability, which are core to the BCBS 239 compliance [12]. To illustrate, when a 

regulator asks a bank to justify a figure in risk weighted assets, lineage tools enable banks to track the figure back to the underlying 

figure (data). This will provide transparency and reduce the chances of punishment as a result of inappropriate or partial disclosure. 

 

5.2. Case Study: GDPR in EU Subsidiaries of International Banks 

The General Data Protection Regulation (GDPR) has very rigid requirements on global banks operating subsidiaries in the 

European Union. Data lineage will allow banks to recognize and record the flow of personal data across jurisdictions, maintenance 

of which will make cross-border transfers lawful. Examples are lineage diagrams which may show the location of personal data 

and its sharing with third-party vendors, as well as the anonymity of data before processing. This is facilitated by such capabilities 

to support the right to be forgotten through recognition of all systems that store customer information so that they can be erased 

easily on request. Additionally, lineage facilitates that EU subsidiaries are held well accountable when they are engaging with 
parent organizations that are situated outside the EU, which protects compliance and trust in the customer [12]. 

 

5.3. Case Study: Lineage Tools to monitor anti-money laundering (AML) 

Another area that data lineage can have a real value is in anti-money laundering (AML) monitoring. Banks usually consume 

the transaction data of various jurisdictions and use the intricate screening models to identify suspicious transactions. In the 

absence of lineage, there is a challenge in verifying the use of proper and complete data in the AML models. With the tools of 

lineages, compliance teams are able to monitor the flow of transaction data into the monitoring systems to make sure that 

regulatory thresholds are implemented appropriately. To illustrate, in case a transaction with a high-risk jurisdiction is flagged, the 

lineage tools can show how its risk score was calculated using raw data through transformations, thresholds, and alerts. This is not 

only enhancing the confidence of the regulators, but also minimizing the false positives by guaranteeing the data quality and 

relevancy in AML monitoring. 

 

5.4. Trends in Vendors (e.g., JP Morgan, HSBC, Deutsche Bank Initiatives) 

The major banks have turned to data lineage and metadata management platforms so as to address the regulatory and 

operational issues. JP Morgan has put capital into the use of AI-based lineage systems to support reporting efficiency and risk 

management. HSBC has implemented Collibra to consolidate metadata governance, which gives business and technical lineage 

perceptions of all its business operations around the globe. Deutsche Bank has used Enterprise Data Catalog of Informatica to 

automate lineage capture and support BCBS 239 reporting. These measures point to a wider industry tendency to formalize data 

lineage as a strategic capability as opposed to a compliance-based afterthought. The shift towards having an enterprise wide 
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implementation suggests there is an acknowledgment that lineage is not solely concerned with regulatory compliance, but also 

operational efficiency and advanced analytics. 

 

With these important advantages, there are practical challenges to the industry adoption of lineage tools. The automated 

lineage may not be easily extracted because of the absence of logging and metadata services in the legacy systems, thus integration 

is a complex and costly undertaking. Such systems need to be retrofitted by the use of manual documentation, or costly connectors 
both of which hamper scalability. The other obstacle is cost, because enterprise-grade lineage platforms require large amounts of 

investment in licensing, implementation, and training of personnel. Moreover, interoperability is also still a problem, where banks 

are operating in different environments of databases, ETL software, and reporting systems. Despite the emergence of standards, 

like the Open Metadata Framework (OMF), vendor lock-in and non-standardized APIs continue to hamper a smooth integration. 

 

6. Conclusion and Future development. 
The analysis of data provenance and data impact has become an inseparable part of contemporary banking practice, especially 

when the multi-jurisdictional systems are examined. With the continued work of global banks under elaborate regulatory 

environment, data flow tracing, auditing and analysis become not only optional but also a regulatory requirement. The 

collaboration of lineage tools with metadata repositories will make the financial reporting and compliance transparent, reliable, and 

accountable. Moreover, it offers a basis of operational efficiency through the ability to assess impact risk-based and automation of 

data governance procedures [10], [12]. The presented paper can be seen as adding to the scholarly and practical discussion of 

financial data management by suggesting a systematic approach to data lineage and data impact analysis in international banking. 

The model highlights six key steps, namely identification of data source, metadata capture, lineage visualization, impact reporting, 

audit dashboards, and continuous monitoring. By aligning technical, business, and regulatory perspectives, the proposed approach 

offers a holistic solution for bridging compliance requirements with operational realities. Its adaptability to diverse jurisdictions 

and regulatory regimes makes it particularly relevant for banks with global footprints. 

 
In addition to theoretical contributions, the study underscores the practical applications of lineage solutions in industry. Use 

cases such as BCBS 239 compliance, GDPR adherence, and anti-money laundering monitoring illustrate how lineage tools support 

both regulatory obligations and business objectives. Industry adoption by institutions like JP Morgan, HSBC, and Deutsche Bank 

further highlights the growing recognition of lineage as a strategic enabler rather than a compliance afterthought. However, the 

challenges of legacy systems, interoperability, and regulatory fragmentation must be carefully addressed to ensure successful  

implementation [13], [14]. Looking ahead, collaboration between regulators, banks, and technology providers will be crucial for 

advancing data lineage practices. Regulators must continue to refine guidelines that encourage transparency while accommodating 

technological diversity. Banks must invest in modern lineage solutions and align organizational priorities around data governance. 

Meanwhile, technology providers must develop interoperable, secure, and cost-effective tools that address the realities of multi-

jurisdictional banking. Such collaboration will not only enhance compliance but also foster innovation, resilience, and trust in the 

global financial system. Ultimately, data lineage and impact analysis should be viewed as long-term strategic capabilities. As the 

industry embraces emerging technologies such as AI, cloud platforms, and blockchain, the integration of these tools into lineage 
frameworks will further strengthen transparency, efficiency, and regulatory trustworthiness. By addressing current challenges and 

leveraging future opportunities, global banks can transform lineage from a compliance burden into a driver of competitive 

advantage. 
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