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Motivation

Risk measurement is central to financial-sector regulation.

I Banks are complex.

I Risk is not perfectly observable to outsiders.

Banks need to self-report their risk, which influences

I capital requirements

I market participants’ risk-assessment
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This Paper
Main Questions:

I Do banks under-report their risk when they have incentives to save
capital?

I What implications does this have for the risk assessment of the entire
financial system?

Empirical Setting:

I Focus on the bank’s trading book.

I Banks self-report their trading book’s Value-at-Risk (VaR) to the
regulators.

The Under-Reporting Tradeoff:

I Lower current capital requirement, but potentially higher future
capital capital requirement.
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Value-at-Risk Modeling

I Typical trading portfolio has its largest risk exposures to:
I interest rates
I equities

I foreign exchange
I commodities

I VaR: self-reported portfolio value-at-risk
I level of asset holdings
I asset volatilities

I correlation structure
I relevant historical data period

The Strategic Under-Reporting of Bank Risk Begley, Purnanandam, & Zheng



Motivation Value-at-Risk Main Tests Model Quality Additional Tests Summary

Value-at-Risk Modeling

I Typical trading portfolio has its largest risk exposures to:
I interest rates
I equities

I foreign exchange
I commodities

I VaR: self-reported portfolio value-at-risk
I level of asset holdings
I asset volatilities

I correlation structure
I relevant historical data period

The Strategic Under-Reporting of Bank Risk Begley, Purnanandam, & Zheng



Motivation Value-at-Risk Main Tests Model Quality Additional Tests Summary

Value-at-Risk Modeling

I Typical trading portfolio has its largest risk exposures to:
I interest rates
I equities

I foreign exchange
I commodities

I VaR: self-reported portfolio value-at-risk
I level of asset holdings
I asset volatilities

I correlation structure
I relevant historical data period

The Strategic Under-Reporting of Bank Risk Begley, Purnanandam, & Zheng



Motivation Value-at-Risk Main Tests Model Quality Additional Tests Summary

VaR Exceptions & Capital Charge

Capital charge = k×VaR

k:

I Regulatory capital multiplier based on past year’s Exceptions.

VaR Exceptions:

I Compare reported VaR to trading book gains/losses each day.

Exceptions k factor Regulatory Zone

0-4 3.00 Green

5 3.40

Yellow
6 3.50
7 3.65
8 3.75
9 3.85

10+ 4.00 Red
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Data:

I 15 large global banks, 2002-2012 (quarterly)

I Average quarterly exceptions: 0.62

The Strategic Under-Reporting of Bank Risk Begley, Purnanandam, & Zheng



Motivation Value-at-Risk Main Tests Model Quality Additional Tests Summary

Data:

I 15 large global banks, 2002-2012 (quarterly)

I Average quarterly exceptions: 0.62

The Strategic Under-Reporting of Bank Risk Begley, Purnanandam, & Zheng



Motivation Value-at-Risk Main Tests Model Quality Additional Tests Summary

Data:

I 15 large global banks, 2002-2012 (quarterly)

I Average quarterly exceptions: 0.62

The Strategic Under-Reporting of Bank Risk Begley, Purnanandam, & Zheng



Motivation Value-at-Risk Main Tests Model Quality Additional Tests Summary

Research Design
Framework for setting up empirical tests:

Reportedit = G(α, Λit, Σpredicted)− ηit

ηit = φ(Incentivesit) + uit

Actualit = G(α, Λit, Σrealized)

Exceptionsi,t+1 ModelQualityit︷ ︸︸ ︷ ︷ ︸︸ ︷

Actualit − Reportedit = {G(α, Λit, Σrealized)−G(α, Λit, Σpredicted)}

+φ(Incentivesit) + uit

︸ ︷︷ ︸
Equityit
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VaR Exceptions and Book Equity

Do banks under-report their risk when their capital levels are low?

I Key incentive variable: Equityit = log
(

Equity
Assets

)

Exceptionsi,t+1 = ψ(Equity)it + αi + ζt + ΓXit + εit

Prediction: Low Equity today⇒ higher future exceptions.

I ψ̂ < 0

Note:

I The dependent variable is Exceptions, not VaR.
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Addressing Model Quality Concerns

1. Macro shocks cause models to perform poorly:

I Year-Quarter Fixed Effects

2. Banks have time-invariant modeling skills that affect model
performance:

I Bank Fixed Effects

3. Time-varying model quality that is correlated with equity capital.

Exceptionsi,t+1 = β(Equity)it + αi + δt + ΓXit + εit

where

εit = ModelQualityit + ηit

cov(Equityit, εit) = cov(Equityit, ModelQualityit) 6= 0
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Regulatory Scrutiny, and the Shape of Penalties

VaR Exceptions (Past Year)
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The Penalty Function and Reporting Incentives

I More than 4 exceptions in a year puts you in the yellow zone

I 99%-level VaR model means expectation of 0.62 exceptions/quarter.

I E[Exceptions4Q] = ExceptionsTrailing 3Q + 0.62

I Expected-Green group: < 4 exceptions in the trailing 3 quarters.

I Expected-Yellow group ≥ 4 exceptions in the trailing 3 quarters.

I Key idea: Banks near the Green-Yellow threshold have
I similar recent model performance, but
I Yellow banks have stronger incentives to under-report than Green

banks at the margin.
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Average Future Exceptions Around the Threshold

Green = 0.32

Yellow = 2.38

∆[Y−G] = 2.06***
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The Penalty Function and Equity Capital

Exceptionsi,t+1 = β0 + β1(NegativeEquityi,t) + β2(Yellowi,t)

+ β3(NegativeEquityi,t × Yellowi,t) + ΓXi,t + εi,t

Identifying Assumptions for observations near the Green-Yellow Threshold:

I correlation between unobserved model quality and equity capital is similar.

I there are sharp changes in incentives due to changes in net benefits of
under-reporting.
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VaR Exceptions, The Penalty Function, and Low Equity
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Stale Model Unrelated to Incentives

I Banks were just too slow to update their model.

I Failure to update the model is unrelated to incentives.

Two Additional Tests:

1. leave out the transition period

2. exploit the dynamics of exceptions

I Use lagged exception as a proxy for time-varying modeling skill:

Exceptionsi,t+1 = β(Equity)it + αi + δt + ΓXit + θExceptionsi,t + ηit
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Variation in the Benefits of Under-Reporting

Cross-Sectional Variation:

I Banks with large trading operations.

Time Series Variation:

I Times when the financial system is under stress.
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VaR Exceptions and Trading Exposure

Key idea: Under-reporting provides more capital relief to banks with
relatively larger trading desks.

Measure: VaR-to-equity-capital ratio as of 2006Q1 (VE 2006).

I Captures the relative importance of VaR levels to capital charges.

I Freezing the measure at 2006Q1 ensures it is not affected by
post-crisis changes in risk-taking behavior or equity capital.

Exceptionsi,t+1 = ψ(Equity)it + θ(Equityit ×VE 2006i) + ΓXit + εit

Prediction: Larger Trading Exposure ⇒ higher sensitivity to low capital.

I θ̂ < 0
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Risk Reporting During System-Wide Stress

During times of financial sector stress:

I capital is likely most costly

I it is most important for regulators to get an accurate measurement of
risk

⇒ Both private benefits and social costs of under-reporting are high.

We focus on two main proxies of system-wide stress:

1. Lehman Brothers’ collapse (2008Q4)

2. V-lab Capital Shortfall measure (Acharya et al. 2010)

Exceptionsi,t+1 =ψ(Equity)it + ρ(Stress)t

+ φ(Equityit ∗ Stresst) + ΓXit + εit
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Additional Robustness Tests:

1. Alternative measures of capital.

2. Poisson/negative binomial specifications.

3. Alternative measure of “excess” exceptions.

4. Control for
I time-varying market risk exposure.
I time-varying MBS exposure.
I time-varying VaR risk factor exposure.

The Level of VaR and Equity Capital:

I Prior volatility directly maps to the level of VaR.
I We find the a weaker relationship between past market volatility and

reported level of VaR when firms have lower equity capital.
I Suggests firms are using more discretion in the VaR reports when

undercapitalized.
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Summary

I Proper risk measurement is critical for the stability of individual
financial institution and the financial system at large.

I Important for within-firm capital allocation decisions and risk
management.

I Important for regulators to ensure a stable, functioning financial sector.

I The system provides managers with the incentives and ability to
under-report risk to save capital when raising capital is more costly.

⇒ The states of the world when accurate risk measurement may be most
important are precisely when this measurement is least informative.
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