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• Examining the formula for the variance of the portfolio returns is important because it reveals how the 

correlations of the returns of the assets in the portfolio affect volatility. The variance formula is:

 

• Clearly, the variance and standard deviation are lower when the correlations are lower.
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• In order to calculate delta-normal VaR with more than one risk factor, we need a covariance matrix that 

incorporates correlations between each risk factor in the portfolio and volatilities of each risk factor.
• If we know the volatilities and correlations, we can derive the standard deviation of the portfolio and the 

corresponding VaR measure. We will discuss how to calculate VaR using matrix multiplication next.
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• The portfolio return can be written using matrix notation, replacing a string of numbers by a single vector:
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• As the number of assets increases, it becomes difficult to keep track of all covariance terms, which is why it is 

more convenient to use matrix notation. The variance can be written as

 

• where w are weights, which have no units. This also can be written in terms of dollar exposures x as
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• Diversified VaR is simply the VaR of the portfolio where the calculation takes into account the diversification 

effects.
• The portfolio VAR, taking into account diversification benefits between components.
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• The basic formula according to elliptical distribution Diversified VAR is:
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• Marginal VaR applies to a particular position in a portfolio, and it is the per unit change in a portfolio VaR that 

occurs from an additional investment in that position.
• To measure the effect of changing positions on portfolio risk, individual VARs are not sufficient. Volatility 

measures the uncertainty in the return of an asset, taken in isolation.
• When this asset belongs to a portfolio, however, what matters is the contribution to portfolio risk.

• According to elliptical distribution, it is the partial derivative of the portfolio VaR with respect to the position:
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• Using the concept of beta gives another expression for marginal VaR:
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• The delta-normal distribution marginal VAR is closely related to the beta, defined as
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• Incremental VAR is the change in VAR owing to a new position. It differs from the marginal VAR in that the 

amount added or subtracted can be large, in which case VAR changes in a nonlinear fashion.

• Incremental VaR is the change in VaR from the addition of a new position in a portfolio. Since it applies to an 
entire position, it is generally larger than marginal VaR and may include nonlinear relationships, which marginal 
VaR generally assumes away.

• The problem with measuring incremental VaR is that, in order to be accurate, a full revaluation of the portfolio 
after the addition of the new position would be necessary.

• The incremental VaR is the difference between the new VaR from the revaluation minus the VaR before the 
addition. The revaluation requires not only measuring the risk of the position itself but it also requires measuring 
the change in the risk of the other positions that are already in the portfolio.

• For a portfolio with hundreds or thousands of positions, this would be time consuming. Clearly, VaR 
measurement becomes more difficult as portfolio size increases given the expansion of the covariance matrix. 
Using a shortcut approach for computing incremental VaR would be beneficial.
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• The incremental VAR can be reported as, approximately as:
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