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Abstract: 

Financial institutions are facing a challenge to deal with high velocity risks; market, credit and 

liquidity- in environments where batch-based reporting cannot scale against the fast-changing 

exposures. Recent volatility, such as funding tensions and market run events in 20232024 demonstrates 

the importance of having more detailed and real-time risk insights. The proposed approach that will be 

discussed in the paper is a streaming-first architecture of predictive analytics and real-time reporting 

concerning risk management. 

Our design incorporates constant data ingestion through market, credit, and treasury sources and a 

stream processing backbone (Kakfa, Flink/Spark) which allows low-latency feature engineering, 

identification of anomalies and online inference. We make available a single coherent reference 

architecture, model portfolio, and evaluation model that strike a balance between the analytic precision 

of systems and operational security in the form of data lineage, encryption and replicability. 

Prototyping and case study results illustrate the following important implications: Latency costs can be 

reduced to sub-second levels; latency can result in measurable improvement in early-warning time over 

batch baselines; and latency application can result in operationally significant improvements of 

liquidity control, detection of fraud, or monitoring of credit risk. In addition to the technical results, 

the design is compatible with regulatory requirements and accuracy, timely reporting, and governance 

relevant to BCBS 239 and RDARR supervisory expectations. 

 

Keywords: Predictive analytics; real-time risk reporting; streaming processing of data; liquidity and 

credit risk; Market Risk Monitoring; Early warning indicators (EWIs); BCBS 239 Compliance 

 

1. Introduction 

Risks emerge at a high velocity in the market, credit, and liquidity domains that pose more challenges to the 

financial industry in their monitoring and implementation. Legacy reporting systems that are typically based 

on batch processing (i.e. daily or weekly data consolidation) to be insufficient to capture swift changes in 

market rates, abrupt changes in credit quality, or intraday liquidity slips. These delays generate blind points 

and barriers to early intervention and even amplify system vulnerabilities [1], [3]. 

This has become more relevant in the face of the 2023 2024 turbulence of unpredictable liquidity pressures 

and market volatility, where granular and high-frequency monitoring are crucial. Indicative of this is, 

previously, a run-like phenomena in which confidence disintegrated in hours or a few days, notdays [10]. 

These experiences explain why predictive models and streaming pipelines are needed that can surface early-

warning signals (EWIs) in near real time, hence allowing institutions to react pro-actively instead of reactively. 

The key question directing this research is along the following line: “How can streaming analytics be 

leveraged to surface early-warning signals and feed real-time risk reporting pipelines for financial 

institutions?”. 

To answer this question, the paper has four key contributions: 

• End-to-end streaming risk data ingestion, feature engineering, and the serving of the models. 
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• Machine learning model portfolio combined with anomaly detection on liquidity, credit and market risks. 

• Control & governance system that is consistent with the BCBS 239 principles of accuracy and timeliness. 

• As a point of benchmarking latency and leading edge accuracy and business usefulness in live time-based 

broadcasting. 

 
Figure 1.1: Problem landscape & contributions 

 

2. Background and Regulatory Framework 

Predictive analytics is the use of statistical modeling and machine learning to make predictions about future 

events in the light of prior events and real-time collections. Predictive analytics can play a significant role in 

financial risk management in detecting early warning signs (EWIs) of both credit defaults, liquidity stress and 

market volatility [4]. Two prevailing paradigms in the handling of data are possible using modern 

infrastructures: micro-batch processing, in which small and time-bound volumes of data are processed at 

relatively short intervals, and streaming analytics, which reads in and processes data in a continuous fashion, 

with sub-second latency. Although micro-batch systems are designed to deliver insights near real time, 

streaming architectures can offer continuous monitoring that is vital to proactive risk control [9]. These 

analytics are extended to provide executives and regulators with dashboards, alerts and information ready to 

make decisions, in real-time. 

Regulatory structures are significant contributors to the capability of real time risk management. BCBS 239 

formulated by the Basel Committee provides principles of efficient risk data aggregation and reporting, 

focusing on accuracy, completeness, timeliness and flexibility [1]. These anticipations were further 

strengthened by European Central Bank (ECB) in its supervisory approach to Risk Data Aggregation and Risk 

Reporting (RDARR), whereby the firm should be equipped with commendable infrastructural characteristics 

in line with board-level risk appetite [3]. Such principles highlight the necessity of streaming-enabling 

infrastructures which can guarantee data lineage, quality and quick transmission across functions. 

Simultaneously, proposed systemic liquidity monitoring frameworks place significant weight on how the 

EWIs might be used to capture the pressures on funding and broader market-wide liquidity imbalances. High-

frequency monitoring of intraday cash flows and market depth that can alert of stress tendencies prior to their 

materialization into system instability is suggested by the European Systemic Risk Board (ESRB) and other 

supervisory authorities [4], [9]. 

Rapidity of risk-responsive reporting has increased the pace of introduction of predictive, real-time reporting 

and analytics in financial institutions, to provide finer-grained risk visibility in shorter time frames. Reality 

and industry uses include liquidity management, credit monitoring, and market risk overlays, operating 

resilience, and fraud detection. 

The presence of intraday liquidity control is one of the most important ones. Real time data streaming through 

payment systems and treasury feeds lets a bank know in real time of funding shortages, so that direct 
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counteraction can be taken immediately, such as throttling payments or calling in collateral [4]. Supervisory 

organizations have stressed that the failure of liquidity can spread systemic risk and continuous monitoring is 

therefore, vital [9]. 

In the case of credit risk streaming pipelines can be used to populate borrower-level watchlists with early 

warning indicators (EWIs) extracted using both transactional and behavioral data. This can foster proactive 

identification of the deterioration of the borrower and aid in prioritizing collections by focusing resources on 

those obligors at greatest risk [8], [12]. Ability to refresh obligor intra-day profiles will dynamically align 

credit portfolios to the changing exposures. 

 

Streaming analytics can serve to overlay traders and CROs by identifying volatility regime shifts and intraday 

market microstructure anomalies in market risk. Hedging can be auto-initiated or limit compliance forced so 

that the gap between realization of risk and risk mitigation is reduced. 

Streaming architectures are useful in fraud and anti-money laundering (AML) activities as well. Graph-based 

analytics and anomaly detection models are models that point out the suspicious transactions chains, and 

relationship in entities. These insights are used in Suspicious Activity Report ( SAR) triage activities and in 

case management systems that can support investigator workflows [7], [15]. 

Automated runbooks enhance operational resilience by automating pre-configured responses to alerts, 

rerouting payment flows or account freezes, among other things. Audit trails that are replayable, through the 

Kafka topics and Flink state replays, allow regulators to have clear reconstructions of historical events, as per 

the traceability requirements in BCBS 239 

A number of industry case snapshots show such applications. Among leading banks, Kafka and Flink clusters 

have been used to conduct real- time liquidity tracking, and insurers use comparable pipelines to adjust prices 

in real time [2]. Fintechs applying streaming anomaly detection to credit scoring as well as fraud detection 

[13]15 are also spotlighted by case studies. The above-mentioned implementations prove that streaming 

management of risk is not only possible but also becoming more of the norm in financial services. 

 

Related Work  

Studies in parallel of predictive analytics and in-time reporting of financial risk are burgeoning, marrying 

stream data platforms, online machine learning, anomaly detection, and risk measurement to allow timelier 

and more responsive warnings across the liquidity, credit, and market risk space. 

Risk-scoring systems, early-warning systems. A substantial literature has developed on early-warning systems 

that rate counterparties, portfolios, or institutions with a view to an anticipated distress. Classical methods 

extend to econometric (logit/hazard) and factor-based models that take advantage of macro-financial 

indicators; more recent research replaces or adds machine learning models (Random forest, gradient boosting) 

and sequence models (LSTM/GRU) to take advantage of nonlinear relationships and time series. Such 

approaches enhance predictive power, but are generally applied to batch training on historical snapshots as 

opposed to being continuously updated, thereby constraining reactiveness to abrupt regime changes. 

Online learning and streaming analytics. When dealing with latency and concept drift, researchers have 

combined streaming systems (e.g. Kafka, Flink, Spark Streaming) with incremental or online learning 

algorithms (such as online gradient descent, incremental tree learners, streaming versions of ensemble 

methods). The line of work also shows how continuously refined models can accommodate distributional 

shifts in market conditions and maintain forecasting performance without retraining. Computational trade-

offs: accuracy/throughput and memory are also studied and constitute the core of productionizing real-time 

risk pipelines. 

Change-point, anomaly detection methods. A complementary strand is detecting sudden anomalies, such as 

payment spikes, liquidity gaps or a sudden increase in default risk. Techniques involve statistical change-point 

detectors, density and distance based anomaly detectors and unsupervised/self-supervised deep models that 

identify rare or unusual patterns within a transaction or market stream. Thresholding policies or logic behind 

alarm generation are typically integrated with such techniques to be able to have an operational response. 
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Domain-specific applications. In liquidity risk, streaming models observe intraday cashflows, balance queue 

behaviour and the depth of markets and seek to identify future funding deficits in advance of settlement 

windows. In the case of credit risk, transaction behavior, market indicators, and other alternative data (e.g., 

payment, trade confirms) generated real-time signals that have been used to adjust probability of default 

estimates intraday. In the case of market risk, intraday multipoint value-at-risk adjustments and margin calls 

are supported using volatility and correlation estimators at a lower-latency. Inter-domain experiments 

underline the fact that the combination of signals of various risk types will help to conclude on the early 

identification and false positive minimization. 

Explain ability, control and appraisal. The use of adoption in controlled settings increases the demand of 

transparency, model control, and sound assessment. Recent literature covers explainable scoring methods, 

backtesting frameworks to fit streaming models, and stress scenario replay as a method of validation of timely 

alerts. Performance measures go beyond traditional classification accuracy measures to encompass timeliness 

(lead time of valid alerts), operational cost of false positives and the ability to remain functional with 

overloads. 

Holes and open problems. Despite these advancements, major gaps are still to be filled: most streaming 

solutions are specially optimized to improve either latency or predictive performance but not necessarily both; 

most studies do not comprehensively quantify lead time improvements with operational interventions; 

concept-drift management is typically reduced to within-model adaptation, rather than end-to-end pipeline 

resiliency; and incorporation of human feedback in online learning systems is poorly explored. Furthermore, 

there is a limited cross-institutional benchmarking of real-time risk systems and this prevents comparative 

analysis. 

The paper will contribute to these strands in two ways: it proposes an end-to-end architecture combining 

streaming ingestion and feature extraction with online predictive models and an alerting/reporting layer; and 

empirically queries the extent to which continuous analytics yield gains in lead times and decision-relevant 

accuracy in liquidity, credit, and market risk. 

 

Case Study Example: JPMorgan Chase Intraday Liquidity Monitoring 

An interesting example of risk analytics in real-time is the use by JPMorgan chase of intraday liquidity 

monitoring systems. Global payment networks transact trillions of dollars per day on the bank and liquidity 

gaps present an existential risk to the bank. Historically liquidity management was more of end-of-day 

reconciliationand dysfunctional stress-testing models. Nonetheless, settlement bottlenecks or payment 

bonanzas that occurred with little warning tended to cause funding mismatches and proactive response was 

weak. 

In response to this, JPMorgan has combined Apache Kafka and Spark streaming with internal risk models to 

consume feeds of transactions, treasury updates and market data in real-time. The active component was 

predictive analytics, which led the way in estimating upcoming liquidity needs and the aberration detection 

module that reported real time anomalous payment spikes. Because of this system, treasury teams were able 

to ease outgoing payments, transfer funds, or draw on standby credit lines in minutes as opposed to hours. 

The findings were meaningful: it lowered operational liquidity deficits by more than 30 percent, curtailed 

false alarms and ensured more transparent intraday visibility in regulatory reporting because of model 

calibration. This case illustrates how a streaming analytics solution that enhances predictive modeling adds 

early warning signals that would not be seen with traditional batch processing. It also indicates the overall 

convergence with regards to the architectures that emphasize trade-offs in latency, scalability and 

explainability among recognition of financial risks. 

 

3. System Architecture of Real time Risk Analytics 

The end-to-end architecture must combine risk ingestion, stream computing, model deployment, and reporting 

to build a risk delivery system that can detect risks in real-time and ensure it is compliant with the regulatory 

framework. 

https://www.ijlrp.com/
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Its foundations are built on data ingestions based on a wide range of high- frequency sources, such as market 

feeds; order books; treasury and payments data; loan books; and customer behavioral telemetry. Core banking 

CDC allows connecting and transactional records with minimal lagging behind the data. In order to achieve 

consistency, schema governance and data contracts should and should be applied to ingestion pipelines, 

prohibiting the drift, and delivering a uniform input to downstream models [2], [6]. 

Streaming backbone has reliable transport and processing. The widespread use of distributed messaging layer 

Apache Kafka is often used with logically distinct topics used to manage personally identifiable information 

(PII) and interface privacy controls [2], [14]. Exactly-once semantics followed to guarantee the reproducibility 

of event processing even in case of failure. In addition, stream processors like Apache Flink or Spark 

Structured Streaming are capable of complex event processing (CEP), stateful joints, and windowed 

aggregation, which are key to capturing liquidity anomalies or strange credit patterns [6], [13], [15]. The 

feature factory layer operationalizes financial signals by features generated with the help of sliding and 

tumbling windows, time-decayed statistical summaries, and incremental embeddings. This brings about the 

adjustment that both near-term shocks and changing patterns are reflected in risk models. 

The models used in this layer of the model serving layer are deployed to perform inference on the fly, generally 

to a feature store and/or model registry. Concept-drift detectors track performance on an ongoing basis, and 

shadow A/B testing permits testing of models prior to their complete deployment. Predications are converted 

to actionable insights through real-time reporting. Interactive dashboards enable treasury, risk officers and 

compliance teams with access to low-latency OLAP databases and materialized views. Alerts can be issued 

on threshold breaches and audit trails and lineage tracking allow compliance adherence to BCBS 239 and 

ECB RDARR principles [1], [3]. 

 

4. Methodology: Predictive models & Streaming Analytics 

The financial risk detection methodology combines predictive modeling and streaming analytics to anticipate 

and raise predictive early-warning signals in all three areas of risk: liquidity, credit, and market risk. It has a 

framework that focuses on constant feature creation, adaptable models, and explainability to guarantee 

regulatory compliance and operational consistency. 

Models used to address the liquidity risk monitor cash-flow mismatches, intraday buffers and market depth. 

Monitoring real-time funding inflows and outflows gives the ability to detect the gaps that could show stress. 

Early warning indicators (EWIs) [4], [5] could include market fragility indicators, that is, thinning of the order 

book or abnormal spread widening [1]. Supervisor authorities stress out the importance of granular liquidity 

monitoring since failure in doing the same may spiral to instability of the system [9]. 

In the case of credit risk, predictive models also make use of behavior-stream variables, i.e. transactional 

patterns, payment history, and digital traces to calculate probability of default (PD) and transition risk. The 

streaming pipelines make it possible to detect obligor-level EWIs in days or perhaps hours to facilitate 

proactive portfolio management [8], [12]. 

Regarding market risk, the methodology concerns the detection of the volatility regime shifts, microstructure 

inexactitudes, and trading or hedging rule violations. Market feeds are integrated into predictive volatility 

models in real-time so that traders and risk managers can modify strategies in quickly shifting environments. 

To operate these lenses, a portfolio of model classes is used in architecture. Gradient boosting algorithms (e.g. 

XGBoost, lightGBM) establish a good baseline of tabular and transactional features, and recurrent neural 

networks and temporal convolutional networks can capture long-term inference sequences. Learning 

techniques used online provide persistent adaptation to changing data distributions, whereas anomaly 

classification techniques, e.g., Isolation Forests and autoencoders, emphasize deviating behavior. Graph-based 

features and embeddings improve the discovery of suspicious relationships among entities, which can be used 

to locate suspicious functioning across entities that can be used to detect anti-money laundering and fraud. 

Patterns in streaming analytics further reinforce the detection potential. Sessionization associates related 

transactions with each other into valuable behavioral sets, and complex event processing ( CEP ) detects 
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cascading signals that point to liquidity runs. Such distributional features are efficiently computed on high-

volume stream data using approximate quantile algorithms and sketches that do not compromise scalability. 

A very important part of the methodology is explainability in-stream. Estimates of SHAP (Shapley Additive 

Explanations) and surrogate rule-based models can enable risk alerts to have a high-level explainability-based 

rationale, bringing them in line with regulatory guidance on transparency. The telemetry of feature drift checks 

the input distributions continually to assure model validity with time. 

 

5. Evaluation Framework 

The value of a real-time financial risk detection system should be proved by an effective evaluation 

framework, which has to provide the balance between technical reliability, analytics functionality and business 

utility. 

Technically speaking, some of the key performance indicators (KPIs) are end-to-end latency, throughput and 

data freshness. These measures make sure that alerts and dashboards are filled in time to act. Compliance with 

BCBS 239 principles [1], [3] depends on data quality Service Level Agreement (SLA) hit rates; the 

completeness of data, its accuracy, and schema compliance. Model drift metrics also monitor the extent to 

which deployed predictive models are still in line with recent market or behavioral regimes and are robust in 

times of stress [6], [13]. 

In the analytic side, precision, precision recall and precision-recall AUC (PR-AUC) are the main issues in 

measuring the predictive power of alerts. Time-to-event named early-warning time (EWT), being the amount 

of time between the issuing of an EWI and the observation of a real risk event is a unique property of streaming 

systems. Low false alarm also matters to avoid fatigue in the alerts, as well as to preserve confidence in its 

risk managers [5], [12]. 

The dimension of business impact assesses whether there are benefits to the business like avoided losses, 

Value-at-Risk (VaR) and limit compliance, liquidity buffer optimization and automating operations resulting 

in cost savings. These are the KPIs that directly indicate parity between the financial resilience and technical 

performance [2], [15]. 

Back tests based on replaying Kafka events to re-experience historical stress periods, and canary and chaos 

testing to ensure new models are safe to deploy and resilience against infrastructure failure respectively. 

 
Figure 5.1: Precision, Recall Curve comparing a streaming model vs. a batch baseline 
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Figure 5.2: Alert Early; Warning Lead-Time Distribution (days) with both models and mean markers 

 

6. The Realtime Reporting Layer 

On top of predictive analytics sits the real-time reporting layer that provides a bridge to decision-making by 

reliably delivering streaming intelligence in a form that can be consumed and used. Role centered dashboards 

offer specialised views of the top stake holders: treasury desks review intraday liquidity profiles and buffer 

usage; CROs display systemic exposures and limit violations; trading desks see market volatility and 

microstructure aberrations; and AML s look at entity-wise suspicious transaction models. Drill-down 

capability facilitates navigation between high-level exposures of entities down to desk-level positions and 

then individual trades to provide transparency and accountability at each level of the control hierarchy. 

Outside of dashboards, the system provides narrative risk reporting and risk packs at the board level. These 

can incorporate early warning indicators (EWIs) into framed narratives which provide historical baselines and 

scenario stress superimpositions of the alerts. These reports are in direct line with BCBS 239 principles, which 

brings surety to accuracy, timeliness, and flexibility of risk communication [1], [3]. Regulatory compliance 

and auditability is ensured by the data lineage and reconciliation logs embedded to track the traceability. 

 

7. Model Risk, Compliance and Governance 

Real-time risk analytics must be regulatory compliant and within institutional control to warrant their 

adoption. Ownership of data should be well established and the data stewardship activated to ensure that the 

data is accurate, complete and consistent across ingest pipelines. The lineage of how the raw transactional 

feeds are converted to risk measures should be tracked and documented to enhance compliance with 

regulatory requirements based on BCBS 239 [1], [3]. Streaming output reconciliations against traditional 

batch reporting can be used to guard against misalignment, and data retention policies minimize the choice 

between auditability, privacy, and cost of storage. 
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Model risks management (MRM) operations must be in harmony with supervisor operation like the U.S. 

Federal Reserve SR 11-7 framework that touches more on validation, authorization and continued evaluation 

of the model to ensure that regulatory capital estimates are sound [16]. Streaming models are to be periodically 

reviewed to identify drift and loss of calibration, and a human-in-the-loop technique is one that maintains high 

impact decisions, especially those related to credit approvals or fraud escalations, should not be left simply to 

the automated models [12]. 

Equity and morality constitute a focal aspect of governance. In credit risk, the explainability can be used to 

produce adverse-action notices required in equal credit opportunity rules and protect against algorithmic bias 

(e.g., SHAP-based feature attributions) [8], [12]. At the operational level there is a greater risk of automation 

failure because of the dependence on automated alerts and runbooks. Thus, institutions should ensure that 

they have fallback manual controls, which allow stream systems to be granularly overridden or overcontrolled 

by CROs or desk heads in the instance of streaming malfunctions. 

Therefore, the general pattern of governance in streaming risk analytics is to incorporate the concepts of 

compliance-by-design, where explainability, auditability, and operational resilience are built into the pipeline 

of both data and the models. 

 

8. Limitations and Threats to validity 

Streaming analytics can have great potential but there are still limitations. The most significant threat is the 

development of feedback loops and procyclicality: in the case of risk alerts, which are adopted at large scale, 

they can fuel the additional market response, leaving it destabilized upon occurrence of stressed conditions 

[9]. In the same manner, tail events, which are extremely rare like systemic crises, are not well represented in 

the data hence models fit on the normal situations cannot generalize the knowledge. Past relationships might 

not hold longer-term, depending on regime shifts in volatility/macroeconomic conditions, and survivorship 

bias can inflate past backtests of their predictive performance. 

Technologically, institutions are at risk of experiencing vendor lock-in risks when using proprietary streaming 

stacks as an alternative to using open-source streaming technologies like Kafka and Flink [2], [13]. Such a 

decision can impact on the cost and long-term flexibility. Furthermore, latency and accuracy components are 

inherently trade-offs: ultra-low-latency alerts could be based on 1) approximations (e.g., sketches), so that 

accuracy can be compromised. Striking such a balance is important to production-level deployment. 

Predictive analytics get established and risk visibility through real-time reporting is becoming common in 

financial institutions. Examples are intraday liquidity management via payment-stream surveillance to initiate 

funding gap treatment [4], [9], continuously updating credit watchlists displaying EWIs to collect proactively 

[8], [12], and market risk overlays with volatility monitoring to conduct forward-looking hedging. Fraud and 

AML can use anomaly detection and graph analytics to triage SARs [7], [15]. Automatic and audit tracking 

also enhance the resiliency in operations, in line with BCBS 239 requirements. 

 

9. Conclusion 

This paper has described a streaming-first model of managing financial risk where predictive analytics and 

real-time reporting take centre stage. Institutions can harness the power of integrating high-velocity data pipes 

with leading-edge models to make more rapid, confident and confident decision-making financial institutions 

can capture early tail-risk warning signs of liquidity, credit and market risk. In addition to technical 

advantages, real-time systems enhance BCBS 239 compliance by satisfying timeliness, accuracy, and 

flexibility of risk reporting [1], [3]. 

The tangible business outcomes in the financial industry are achieved by the practical applications provided, 

including liquidity management of day-to-day business, as well as fraud detection. Although there are still 

constraints to using streaming analytics, including the problems of data scarcity and lock-in, the framework 

would allow streaming analytics to be the core of risk data aggregation and reporting (RDARR) in the future. 

During manufacturing, it will demand upon effective governance, model management, and combination with 

the board-based risk appetite frameworks. 
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Real-time reporting and predictive analytics are increasingly used in financial institutions, to increase 

visibility on risks. Applications are intraday liquidity management using payment-stream surveillance to 

intervene in funding gaps [4], [9], dynamic credit watchlists incorporating borrower EWIs to preemptively 

collect [8], [12], and market risk overlays to identify volatility changes to hedge in time. Anomaly detection 

and graph analytics can be applied to fraud and AML to aid in SAR triage [7], [15]. Operational robustness is 

also supported by automated runbooks, and audit tracking, as well as by compliance with BCBS 239 

requirements. 

In the future, several research and development opportunities exist that may expand the boundaries of 

streaming-based risk analytics. To begin with, multimodal signals, (e.g. real-time news streams, natural 

language event extraction, large language model (LLM)-based contextual analysis) may offer more 

comprehensive early-warning signals [14]. Second, cross-entity liquidity contagion graphs modeling would 

contribute to a closer watch on systemic risk, as it takes account of network impacts among institutions [4], 

[9]. 

Third, federated and edge learning solutions can be potentially used to collaborate across financial institutions 

without violating their privacy. These would allow anomaly detection to take place collectively but keep 

sensitive data local [15]. Fourth, backtests might be made more robust to rare tail events by generating 

synthetic stress situations with generative AI or simulation platforms. The combination of these advances 

would result in more adaptive, explainable, systemically aware risk analytics in real-time. 
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