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Overview

Value at Risk (VaR) is one of the most commonly used methods to estimate portfolio risk for financial institutions as well as in the energy industry. VaR defines the worst case scenario within a certain confidence level over a specified time horizon (Jorion (2001)). It is therefore dependent on the tail end of the portfolio distribution and its underlying risk factors. Several studies conclude that the daily changes of the underlying risk factors of a portfolio experiences fat tails (Mandelbrot (1963), Praetz (1972) and Jansen and de Vries (1991)).
Artzner et.al. (1999) studies the coherency of VaR and checks for homogeneity, monotonocity, translation invariance and subadditivity. They conclude that VaR is not coherent, due to the lack of subadditivity, which has been further researched and confirmed by Embrechts et. al (2002) and Danielsson et.al (2005). When an estimation method fails to be coherent, the diversification bonus seen in statistical and portfolio theory cannot be guaranteed (Markowitz (1959)). Thus, the risk estimate may claim that a portfolio manager will get less risk by dividing the portfolio into its individual risk factors. Other papers addressing this problem give several alternatives to VaR, like worst conditional expectation and tail conditional expectation, as well as expected shortfall and conditional VaR (Acerbi and Tasche (2002)). Nevertheless, VaR in its original form is still the most commonly used estimation method for credit risk, and this paper will therefore focus on the applied effects of a none-coherent estimate using historical simulation.

Regular statistical theory tells us that a portfolio should produce lower risk, than the risk factors individually. This is true if the correlation between the risk factors is smaller than 1. In the case of a correlation equal to 1, the portfolio risk will equal the aggregated risk seen in the risk factors. Translated into VaR, this means that VaR (X1 + X2) <= VaR(X1) + VaR(X2) (in absolute terms). The diversification bonus can then be defined as D(X1, X2) = VaR(X1) + VaR(X2) - VaR(X1 + X2). However, Artzner et. al. (1999) proved that VaR is not characterized by subadditivity and therefore is not a coherent risk measurement. 

This paper uses price data from the oil market to analyze the possible violation of the diversification bonus. The oil market provides data with high volatility and has seen several shifts in recent time (Hamilton (2009)). By using historical simulation it is easy to test if a position VaR is indeed smaller than the contribution VaR, meaning that the portfolio manager would reduce the portfolio risk by removing the asset from the portfolio, and instead make use of two independent portfolios. Since this is practically not sound, the risk estimate must be incorrect.
Methods

I use the concept of position and contribution VaR, in order to distinguish between the risk found in the underlying position and the risk contributed by the risk factor in a portfolio. VaR is calculated with historical simulation, which uses the historical data directly by using historical changes as the possible outcomes of the coming change. By assuming that the historical development of the risk factors is a good model for tomorrow’s development, the historical approach can give a good approximation for tomorrow’s VaR. This approach does not make any assumptions on the distribution of data. 
The data set consists of oil market prices from 2000 to 2010. VaR is calculated using 3 different historical periods (50, 100 and 250 days) and 2 VaR-levels (95% and 99%). This produces varying frequency of contribution violations, thus implying facts about the risk of violation.

Results and conclusions
This paper shows the applied effects of a none-coherent estimate using historical simulation. The portfolio used in the paper experiences several events of coherency violation, meaning that the position VaR of one risk factor is lower than its contribution VaR as a part of the portfolio. This confirms the theory by Artzner. Moreover, an estimate produced with a short historical period (e.g. 50 days) is more prone to experience a contribution violation than with a long historical period. Also, a higher VaR-level increases the risk of experiencing a violation.
The financial crisis underlined the importance of an adequate capital reserve for financial institutions as well as resource companies. In periods of financial distress, a sound capital management will help avoid even more distress. At the same time, holding too much capital is costly, and every risk/portfolio manager therefore strives to find some compromise. When using an estimation method that is not coherent, the manager may experience situations where the portfolio risk is overestimated, giving incentives to invest in less volatile projects. While alternatives are being studied, VaR is still the most commonly used tool for estimating credit risk, and the implications of a none-coherent estimate is therefore important to understand.
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