Investment risks - Lecture 5: Volatility, sensitivity and VAR

“What loss level is such that we are X% confident it will not be exceeded in N business days?”
Value at risk (VAR) will help us to answer this question.
Value at risk (VaR) is a statistical technique used to measure and quantify the level of financial risk within a firm or investment portfolio over a specific time frame. Value at risk is used by risk managers in order to measure and control the level of risk which the firm undertakes. The risk manager's job is to ensure that risks are not taken beyond the level at which the firm can absorb the losses of a probable worst outcome.
Value at Risk is measured in three variables: the amount of potential loss, the probability of that amount of loss, and the time frame. For example, a financial firm may determine that it has a 5% one month value at risk of $100 million. This means that there is a 5% chance that the firm could lose more than $100 million in any given month. Therefore, a $100 million loss should be expected to occur once every 20 months.
VaR and Regulatory Capital
Regulators base the capital they require  banks to keep on VaR
The market-risk capital is k times the 10-day 99% VaR where k is at least 3.0
VaR vs. C-VaR
Conditional value at risk (CVaR) is a risk assessment technique often used to reduce the probability a portfolio will incur large losses. This is performed by assessing the likelihood (at a specific confidence level) that a specific loss will exceed the value at risk. Mathematically speaking, CVaR is derived by taking a weighted average between the value at risk and losses exceeding the value at risk.
This term is also known as "Mean Excess Loss", "Mean Shortfall" and "Tail VaR".
VaR is the loss level that will not be exceeded with a specified probability
C-VaR (or expected shortfall) is the expected loss given that the loss is greater than the VaR level
Although C-VaR is theoretically more appealing, it is not widely used 
Advantages of VaR
Following are some of the advantages of Value At Risk as a risk management tool.
Value At Risk is easy to understand
VAR is just one number giving you a rough idea about the extent of risk in the portfolio.Value At Risk is measured in price units (dollars, euros) or as percentage of portfolio value. This makes VAR very easy to interpret and to further use in analyses, which is one of the biggest advantages of Value At Risk.
Comparing VAR of different assets and portfolios
You can measure and compare VAR of different types of assets and various portfolios. Value At Risk is applicable to stocks, bonds, currencies, derivatives, or any other assets with price. This is why banks and financial institutions like it so much – they can compare profitability and risk of different units and allocate risk based on VAR (this approach is called risk budgeting).
[bookmark: _GoBack]
It captures an important aspect of risk in a single number
It is easy to understand
It asks the simple question: “How bad can things get?” 
Time Horizon
Instead of calculating the 10-day, 99% VaR directly analysts usually calculate a 1-day 99% VaR and assume


This is exactly true when portfolio changes on successive days come from independent identically distributed normal distributions
Historical Simulation
Create a database of the daily movements in all market variables.
The first simulation trial assumes that  the percentage changes in all market variables are as on the first day
The second simulation trial assumes that  the percentage changes in all market variables are as on the second day
and so on
Suppose we use m days of historical data
Let vi be the value of a variable on day i
There are m-1 simulation trials
The ith trial assumes that the value of the market variable tomorrow (i.e., on day m+1) is  


The Model-Building Approach
The main alternative to historical simulation is to make assumptions about the probability distributions of return on the market variables and calculate the probability distribution of the change in the value of the portfolio analytically
This is known as the model building approach or the variance-covariance approach
Daily Volatilities
In option pricing we measure volatility “per year”
In VaR calculations we measure volatility “per day”


Strictly speaking we should define sday as the standard deviation of the continuously compounded return in one day
In practice we assume that it is the standard deviation of the percentage change in one day

Microsoft Example
We have a position worth $10 million in Microsoft shares
The volatility of Microsoft is 2% per day (about 32% per year)
We use N=10 and X=99
The standard deviation of the change in the portfolio in 1 day is $200,000
The standard deviation of the change in 10 days is 


We assume that the expected change in the value of the portfolio is zero (This is OK for short time periods)
We assume that the change in the value of the portfolio is normally distributed
Since N(–2.33)=0.01, the VaR is 


AT&T Example
Consider a position of $5 million in AT&T
The daily volatility of AT&T is 1% (approx 16% per year)
The S.D per 10 days is


The VaR is


Portfolio
Now consider a portfolio consisting of both Microsoft and AT&T
Suppose that the correlation between the returns is 0.3
S.D. of Portfolio
A standard result in statistics states that


In this case sX = 200,000 and sY = 50,000 and r = 0.3. The standard deviation of the change in the portfolio value in one day is therefore 220,227
VaR for Portfolio
The 10-day 99% VaR for the portfolio is


The benefits of diversification are
(1,473,621+368,405)–1,622,657=$219,369
What is the incremental effect of the AT&T holding on VaR?
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