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Value-at-Risk is a threshold value of loss such that the probability that 

the mark-to-market loss on the portfolio over the given time horizon exceeds 

this value is the given probability level. 

 

Market Risk Framework Базель II /  III: 

• Probability: 99% 

• Horizon: 10 days 

 

VaR is applied for MRC requirements 

Benefits: 

• Single value as a measure of risk 

• Standard & simple measure that is 

easy to explain 

• Compliance to supervisory 

requirements 

99% 

Shortcomings: 

• Total uncertainty about tails 

• Inefficiency before and during the 

crises 



Here be dragons 

Because we should be prepared to the things beyond VaR 



How to set “extreme, but plausible” shock values for scenarios? 

How to make the whole process smoother and easier?  



Core 

factors 

Select core risk 

drivers relevant 

to portfolio 

structure. 

Historical 

scenarios 

Synthetic 

scenarios 

Decomposition & 

Reevaluation 

• S&P 500, MSCI 

• UST.… 

• Bond spreads 

• LIBOR 

• FX 

• CDS 

 … 

Analyze historical 

time series (PDF, 

extremes) for 

different horizons.  

• 1987 Black Monday  

• 1997 East Asian crisis 

• 1998 Russian crisis  

• 2001 Dotcom crash 

• 2007-20xx 

• … 
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Generate “extreme, 

but plausible” 

scenarios based on 

EVT and copula.  

 

Decompose core 

risk drivers to 

financial instruments 

pricing functions.  

Reevaluate portfolio 

and calc P&L. 

• Fat tailed marginal distr. 

• Correlations & copula 

• Monte-Carlo 

 

Fall 2008 
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• Decomposition (stressed betas) 

• Mark-to-Market 

• Loss distribution 

• Reverse stress-testing 
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Setting historical shocks values is easy (after 2008). However, correlations can 

differ significantly in different crashes. 

S&P 500 

MoM 

22 Aug 2011 

S&P -18% 

UST -27% 

15 Oct 2008  

S&P -27% 

UST +10% 

UST CMT 20Y 

MoM 

Solnik, Boucrelle, LeFur (1996); Longin, Solnik (1999); Sornette (2005) 



Two aspects to be captured: 

 Risk factors extreme values to provide stress tests (McNeil (1999)) 

 Correlations to provide coherent stress tests  

 Stress factor/ stress correlation matrix (Gauthier (2010), Bender, Lee, 

Stefek (2010)) 

 Parametric scenarios construction on copulas 

 

Copula (mathematical basis was provided by Sklar (1959) ) is 

𝐹(𝑥1, … , 𝑥𝑁  ) = 𝐶(𝐹1 𝑥1 , … , 𝐹𝑁 𝑥𝑁 ), 

𝐹 𝑥1, … , 𝑥𝑁 = 𝑃(𝑋1 ≤ 𝑥1, … , 𝑋𝑁 ≤ 𝑥𝑁) and𝐹𝑖 𝑥𝑖 = 𝑃 𝑋𝑖 ≤ 𝑥𝑖 , 𝑖 = 1, 𝑁 

𝐹𝑖 - marginal distribution function, 

C – copula function. 



 Elliptic copulas 

 Produced by elliptical distributions (Gaussian, t-Student…) 

 Archimedean copulas (Clayton, Gumbel, Frank…) 

 Have nice analytical form (NOT like elliptic copulas) 

𝐶 𝑢1, … 𝑢𝑛 = 𝜑 𝜑−1 𝑢1 + ⋯ + 𝜑−1 𝑢𝑛  (𝑢𝑖 = 𝐹 𝑥𝑖 ) 

 

Tail dependence: 

𝜏𝐿 = lim
𝑞→0+

𝑃𝑟 𝐹1(𝑌1) ≤ 𝑞| … |𝐹𝑛 (𝑌𝑛) ≤ 𝑞  

𝜏𝑈 = lim
𝑞→1−

𝑃𝑟 𝐹1(𝑌1) > 𝑞| … |𝐹𝑛(𝑌𝑛) > 𝑞  



For hypothetical portfolio consisted of stocks and corporate bonds,  

4 risk factors were chosen: 

 

 S&P500, 

 EUR/USD, 

 20-years US Treasuries yield, 

 Moody’s AA-spread 

 

1-month window worst returns,  

Crisis sample November’07 – March’09 



Good Old Classics: multinormality 

4-dimensional Gaussian copula + Gaussian marginals 

Red for  

historical values 

Blue for (hypothetical)  

scenario values 



A little bit closer to real data (dimension “S&P500 vs AA spread”) 

Gaussian copula +  

Gaussian marginals 

Gaussian copula +  

Student t marginals 

Frank copula +  

Gaussian marginals 

t copula +  

Gaussian marginals 



Multiple goodness-of-fit tests (𝐻0: 𝐶 = 𝐶𝜃, 𝜃𝜖Θ ) 

 

Including Cramer-von Mises statistic and other distance criteria 

between estimated copula and  

 empirical copula (Genestand Remillard(2008)),  

 copula kernel estimator (Hong and Li (2002), Chen and 

Huang (2007) ) 

 

 

 

 

 



From scenarios towards risk measures 

 

Use pricing functions mechanism  

V for asset value, while f for pricing functions dependent on  

𝑟𝑖 for i-th risk factor and 𝑏𝑖 for pricing model coefficient estimation 

 

 Profit & loss due to risk factors scenario dynamics, 

 VaR and ES based on multivariate scenario, 

 Risk profile decomposition 

 

 

 

 

 

 

𝑉 = 𝑓(𝑟1, … 𝑟𝑛, 𝑟1, 𝑏1 … 𝑏𝑛) 



From worst-case events towards scenarios 

 

 

 

 

 

 

C
apital inadequacy

Zero incom
e

Insolvency

Index shock

Credit spread shock

115%

87%

68%

600 bp 800 bp 1800 bp

Whether these scenarios are plausible? 
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