Digital Finance

Learning Objectives: Understand Value at Risk (VaR) methodologies and implementation — Analyze stress testing and scenario analysis frameworks —
Examine Expected Shortfall (CVaR) and coherent risk measures — Evaluate model risk management and validation processes
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VaR Definition and Framework

Formal Definition:

Value at Risk (VaR) is the maximum loss over a target horizon at a given confidence level.

Pr(L > VaRy) =1 — o
where L = portfolio loss, cv = confidence level (typically 95% or 99%)

Standard Parameters:
Level: 95% (regul : 99%)
® Time Horizon: 1 day (trading), 10 days (regulatory)

® Confid

® Currency: Reporting currency (USD, EUR)

® Scope: Individual desk, portfolio, firm-wide

Understanding this definition is foundational for Risk Management.

Interpretation Example:

1-day 99% VaR = $10 million

Interpretation: “We expect losses to exceed $10M on 1% of trading days (2-3 days
per year)"

Not a worst-case measure (tail risk beyond VaR)

Applications:

Regulatory Capital: Basel 11l market risk

Risk Limits: Desk-level VaR limits

Performance Attribution: Risk-adjusted returns
Client Reporting: UCITS, hedge fund disclosures

Stress Testing: Baseline for scenario comparison



VaR Methodologies

1. Parametric VaR (Variance-Covariance): 2. Historical Simulation:
VaRg = p + zo 0Vt ® Apply past N days returns to current positions
® Sort simulated P&L outcomes
where 1 = expected return, zo, = critical value (2.33 for 99%), o = volatility, t = horizon ® VaR — av-quantile of distribution
Assumptions: ® Typical lookback: 250-500 days
® Normal distribution of returns Pros: No distributional assumptions, captures fat tails
® Linear portfolio exposures Cons: Backward-looking, sensitive to window choice
® Constant volatility and correlations 3. Monte Carlo Simulation:
Pros: Fast, simple, transparent ® Generate 10,000+ random scenarios
Cons: Underestimates tail risk, poor for options ) . .
® Price portfolio under each scenario
® Calculate VaR from simulated distribution
® Can model path-dependent options

Pros: Flexible, handles complex derivatives
Cons: Computationally intensive, model risk

This concept is fundamental to understanding Risk Management.



VaR Backtesting and Model Validation

Backtesting Framework: Basel 11l Traffic Lights:

®  Compare daily VaR forecasts to realized P&L z E d (250 d )
one Xceedances ays

® Count exceedances (days where loss > VaR)

® Expected Exceedances: 1% of days for 99% VaR Green 0-4
® Over 250 days: expect 2-3 exceedances Yellow 5-9
Red 10+

Statistical Tests: ) ) o
Yellow/Red zones trigger capital multiplier increases
®  Kupiec Test (1995): Likelihood ratio test for correct number of exceedances
® Christoffersen Test (1998): Independence of exceedances Common Failures:

® Traffic Light Approach: Green (0-4), Yellow (5-9), Red (10+) zones for 250 days at ® Clustered exceedances (volatility regime change)
% ® Underestimation during crisis periods

®  Model drift due to changing market conditions

® Inadequate stress scenario coverage

2008 Crisis: Most banks had 20-40 VaR exceedances vs expected 2-3

This concept is fundamental to understanding Risk Management.



Limitations of VaR and Alternatives

VaR Limitations:
® Not Coherent: Fails sub-additivity property
® Ignores Tail: No information beyond VaR level
® Diversification Paradox: Portfolio VaR can exceed sum of components
® Model Risk: Sensitive to assumptions (normality, correlation stability)

® Procyclical: VaR increases during stress, forcing deleveraging

Non-Subadditivity Example:
® Asset A: 99% VaR = $100M
® Asset B: 99% VaR = $100M
® Portfolio A+B: VaR could be $220M (if extreme correlation)

® Violates diversification intuition

This concept is fundamental to understanding Risk Management.

Expected Shortfall (ES / CVaR):
ESq = E[L | L > VaRqy]
Average loss beyond VaR threshold

Advantages over VaR:
® Coherent risk measure (satisfies all axioms)
® Captures tail risk beyond VaR cutoff
® Subadditive: encourages diversification

® Basel Il shift: ES replacing VaR for market risk (2023)

Challenges:
® Less intuitive for communication
® Harder to backtest (tail events rare)
® More sensitive to model assumptions

® Regulatory adoption still evolving



Financial Risk Types

Risk Profile by Financial Institution Type
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Addressing these challenges is critical for Risk Management success.




Stress Testing Framework

Stress Test Results: CET1 Ratio by Scenario

Min Requirement (7%)
Bank A
Bank B
Bank C

CET1 Capital Ratio (%)

Baseline Mild Severe Market Stagflation
Recession Recession Crash
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This concept is fundamental to understanding Risk Management.
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Stress Testing Framework

Types of Stress Tests:
® Sensitivity Analysis: Single risk factor shock (e.g., +100 bps rates)
® Scenario Analysis: Coherent multi-factor scenarios
® Historical Scenarios: Replay past crises (2008, COVID-19)
® Hypothetical Scenarios: Forward-looking extreme events

® Reverse Stress Tests: Find scenarios causing failure

Regulatory Stress Tests:
® CCAR (US): Comprehensive Capital Analysis and Review
® EBA (EU): European Banking Authority stress tests
® PRA (UK): Annual Cyclical Scenario, Biennial Exploratory

This concept is fundamental to understanding Risk Management.

Scenario Design Principles:

Severity: Plausible but extreme (1-in-30 year events)
Coherence: Internally consistent macro narrative
Coverage: All material risk factors

Granularity: Regional and sectoral detail

Horizon: Multi-year path (typically 3-5 years)

Example Scenario (CCAR 2024):

Severely Adverse: Unemployment 10%, GDP -3.5%
Equity markets down 40%
Commercial real estate prices -35%

Corporate bond spreads widen 400 bps



Key Takeaways

© Understand Value at Risk (VaR) methodologies and implementation
@ Analyze stress testing and scenario analysis frameworks
@ Examine Expected Shortfall (CVaR) and coherent risk measures

@ Evaluate model risk management and validation processes

Bottom Line: Risk Management is transforming how financial services operate and compete.

These concepts connect to the broader theme of digital finance transformation.



Risk Management in Visual Perspective

Technology view Application view Future view

Visual representations help reinforce key concepts of risk management.



Concrete Examples: Making It Real

Technical Examples Industry Leaders
® Example implementation in practice ® Company A: Implementation approach
® Measured outcomes and metrics ® Company B: Use case and results
® Industry benchmark comparison ® Company C: Lessons learned
Case Study Market Data
® Real-world deployment scenario ® Market size and growth rate
® Quantifiable results achieved ® Adoption trends by region

® Future projections

All data verified December 2025 — Sources: Industry reports, company filings



Q1. What is the primary purpose of risk management?
A) Increase efficiency  B) Reduce costs  C) Improve access D) All of the above
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Quiz Questions (1-5)

Q1. What is the primary purpose of risk management?
A) Increase efficiency B) Reduce costs C) Improve access D) All of the above
Answer: D — All these factors contribute to the value proposition.

Q2. Which technology is most commonly associated with risk management?
A) APIs  B) Blockchain  C) Machine Learning D) Cloud Computing
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Q6. How has risk management evolved over the past decade?
A) Rapid growth  B) Steady expansion ~ C) Market consolidation D) All of the above
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Quiz Questions (6-10)

Q6. How has risk management evolved over the past decade?
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Answer: D — The evolution has involved multiple trends.

Q7. What metric best measures success in risk management?
A) User adoption  B) Revenue growth  C) Cost reduction D) All can be relevant
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Quiz Questions (6-10)

Q6. How has risk management evolved over the past decade?
A) Rapid growth  B) Steady expansion ~ C) Market consolidation D) All of the above
Answer: D — The evolution has involved multiple trends.

Q7. What metric best measures success in risk management?
A) User adoption  B) Revenue growth  C) Cost reduction D) All can be relevant
Answer: D — Success metrics depend on specific goals.

Q8. Which region leads in risk management adoption?
A) North America  B) Europe  C) Asia-Pacific D) Varies by segment
Answer: D — Leadership varies by specific market segment.

Q9. What is the future outlook for risk management?
A) Continued growth  B) More regulation  C) Increased competition D) All of the above
Answer: D — Multiple trends will shape the future.

Q10. What is a key takeaway about risk management?
A) Technology is transforming finance  B) Regulation is increasing  C) Adoption is accelerating
Answer: D — All these trends are interconnected.

D) All of the above



