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Calculating Value at Risk for Options, Futures and Equities 
 
 
 
 
We have calculated Value at Risk for Options, futures as well as equities. We have 
used a Monte Carlo Simulator to first calculate the terminal price series. All the 
assumptions will be mentioned, wherever made. 
 
 
Monte Carlo Simulator 
 
We simulate the prices of the asset using the Monte Carlo simulation technique. 
Since we are interested in daily prices, we take the time step as one day. We also 
assumed that the option contract would expire after 10 days. So we have used ten 
intermediate steps to simulate the development of prices of the underlying asset for 
this period. 
 
The simulated prices are generated based on the Black-Scholes Terminal Price 
formula: 

St=S0*exp[(r – q - 0.5s2)t + stzt] 
 
Where:  
S0          is the spot price at time zero 
r  is the risk free rate 
q is the dividend yield 

s is the annualized volatility  
t  is the duration since time zero 
zt          is a random sample from a normal distribution with μ = 0 & σ = 1. 
 
For our first step we select the following parameters. 
 

S0 2000 

r 0.15% 

q 0.01% 

σ 16.00% 

t 0.002739726 

   
 
Expanding the Monte Carlo Simulator 
 
To calculate the Value at Risk (VaR) measure we required a series of returns, 
which in turn required time-series price data. We assumed that we have a series 
of similar option contracts that commence and expire on a one-day roll-forward 
basis. We have repeated this process in order to generate time-series data for 
terminal prices for a period of 365 days.  
 



After that, we ran the simulator for 100 scenarios in order to generate a data set 
of time series data. We wrote a macrocode to copy the continuously changing 
data set into a data table with 100 simulations. 
A snippet of this data table is shown below: 
 

 
Payoffs 
 
For each data point given in the terminal price data set mentioned in Step 3 
above we now have to calculate the payoffs or intrinsic values of the derivatives 
contract. We have assumed that we have a futures contract, a European call 
option and a European put option all having a strike or exercise price of 2020. 
The payoffs for these contracts are calculated as follows: 
 
Payoff for a long futures = Terminal Price – Strike 
Payoff for a long call option = Maximum of (Terminal Price –Strike, 0) 
Payoff for the long put option = Maximum of (0, Strike-Terminal Price) 
Payoff for the Equity = Terminal Price – Initial Price 
 
This is illustrated for a subset of calls payoff below: 
 

 
After this is obtained, we discounted each data point on this table and used a 
simple average to get the prices at each future date across all the simulated runs. 
 
 



The Return Series 
 
We determined the return series by taking the natural logarithm of successive 
prices.  This is illustrated for a subset of the futures, call option and put option: 
 

 
This data is now used to create histograms for the equity and its derivatives. We 
will deal with each one separately. 
 
Later in the report, we have dealt with the effect of change in volatility on the 
VaR values for the options, futures and equities. 
 
 
 
 
 
 
 
 
 
 
 

Futures 
 
The histogram for the futures return series looks like this: 
 

  
 

0.00%

20.00%

40.00%

60.00%

80.00%

100.00%

120.00%

0

20

40

60

80

100

120

F
re

q
u

e
n

cy

Bin

Histogram

Frequency

Cumulative %



The output worksheet table looks like this: 
 

Bin Frequency 
Cumulative 

% 
Confidence 

Level 

-23.34% 1 0.27% 99.73% 

-20.87% 1 0.55% 99.45% 

-18.40% 0 0.55% 99.45% 

-15.94% 1 0.82% 99.18% 

-13.47% 1 1.10% 98.90% 

-11.00% 7 3.02% 96.98% 

-8.53% 10 5.77% 94.23% 

-6.06% 19 10.99% 89.01% 

-3.59% 29 18.96% 81.04% 

-1.12% 65 36.81% 63.19% 

1.35% 98 63.74% 36.26% 

3.82% 54 78.57% 21.43% 

6.29% 30 86.81% 13.19% 

8.75% 21 92.58% 7.42% 

11.22% 15 96.70% 3.30% 

13.69% 5 98.08% 1.92% 

16.16% 3 98.90% 1.10% 

18.63% 0 98.90% 1.10% 

21.10% 0 98.90% 1.10% 

More 4 100.00% 0.00% 

 
Thus, we can make the following observations: 
 
¶ There is only a .27% chance that the worst case loss of over -23.34% 
¶ There is a 3.02% chance that loss will be over 11% 

 
We can also draw the graph for the futures VaR vs. the confidence interval as 
below: 
 

 
 
This shows that at 95% confidence level the VaR is around 11%. 
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Call Option 
 
The histogram for the call option return series looks like this: 
 

 
 
The output worksheet table looks like this: 
 

Bin Frequency 
Cumulative 

% 
Confidence 

Interval 

-14.34% 1 0.27% 99.73% 

-12.52% 0 0.27% 99.73% 

-10.70% 0 0.27% 99.73% 

-8.88% 0 0.27% 99.73% 

-7.06% 0 0.27% 99.73% 

-5.24% 3 1.10% 98.90% 

-3.42% 6 2.75% 97.25% 

-1.60% 41 14.01% 85.99% 

0.22% 108 43.68% 56.32% 

2.04% 143 82.97% 17.03% 

3.86% 37 93.13% 6.87% 

5.68% 13 96.70% 3.30% 

7.50% 6 98.35% 1.65% 

9.32% 2 98.90% 1.10% 

11.14% 3 99.73% 0.27% 

12.96% 0 99.73% 0.27% 

14.78% 0 99.73% 0.27% 

16.60% 0 99.73% 0.27% 

18.42% 0 99.73% 0.27% 

More 1 100.00% 0.00% 

 
Thus, we can make the following observations: 
 
¶ There is only a .27% chance that the worst case loss of over -14.34% 
¶ There is a 1.1% chance that loss will be over 5.24% 
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We can also draw the graph for the call option VaR vs. the confidence interval as 
below: 
 

 
 
 
This shows that at 95% confidence level the VaR is around 3%. 
 
 

Put Option 
 
The histogram for the put option return series looks like this: 
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The output worksheet table looks like this: 
 

Bin Frequency 
Cumulative 

% 
Confidence 

Interval 

-3.83% 1 0.27% 99.73% 

-3.20% 0 0.27% 99.73% 

-2.56% 1 0.55% 99.45% 

-1.93% 12 3.85% 96.15% 

-1.29% 20 9.34% 90.66% 

-0.66% 31 17.86% 82.14% 

-0.02% 67 36.26% 63.74% 

0.61% 91 61.26% 38.74% 

1.25% 62 78.30% 21.70% 

1.88% 37 88.46% 11.54% 

2.52% 18 93.41% 6.59% 

3.15% 9 95.88% 4.12% 

3.79% 3 96.70% 3.30% 

4.43% 3 97.53% 2.47% 

5.06% 3 98.35% 1.65% 

5.70% 1 98.63% 1.37% 

6.33% 0 98.63% 1.37% 

6.97% 0 98.63% 1.37% 

7.60% 2 99.18% 0.82% 

More 3 100.00% 0.00% 

 
Thus, we can make the following observations: 
 
¶ There is only a .27% chance that the worst case loss of over 3.83% 
¶ There is a 9.34% chance that loss will be over 1.29% 

 
We can also draw the graph for the put option VaR vs. the confidence interval as 
below: 
 

 
 
This shows that at 95% confidence level the VaR is around 1.9%. 
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VaR changes with Volatility 
 
 
 
Sensitivity Analysis on Volatility  
We calculated the Value at Risk for the asset for different volatilities. This gave 
the insight on how VaR varies with change in volatilities for future, call option 
and put option. Below is the brief analysis: 
Future: Below graphs represent the Value at Risk for different volatilities (5%, 
16%, and 25%) for the future on the asset. 
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We can see that when the volatility is very high, the possibility of high negative 
returns for the given confidence interval increases drastically. This means that 
the future contract for an asset with high volatility is highly risky. Also, for 
medium volatility, the value at risk is at decent levels. 
 
Call Option - Below graphs represent the Value at Risk for different volatilities 
(5%, 16%, 25%) for the call option of the asset. 
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As can be observed from the graphs, when the volatility is low, there is very less 
probability of losses on the call option. The value at risk is generally low and 
there is a high possibility of positive return. Value at risk increases as volatility 
increases. For high volatility, though the confidence interval for positive return is 
on a lower side, the losses possible are generally low. 
 
Put Option - Below graphs represent the Value at Risk for different volatilities 
(5%, 16%, 25%) for the call option of the asset. 
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As observed from the graphs above, the VaR does not change significantly with 
change in volatility. At all 3 levels of volatility, the VaR shows similar behavior. 
Also, though the confidence interval for positive returns is on a lower side, the 
possible losses are not very high. 
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