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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=So*exp|[(r — q - 0.552)t + Stz]

Where:

So 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 withpu=0 & o =1.

For our first step we select the following parameters.

So 2000
r 0.15%
q 0.01%
o 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:

Terminal Price Scenario 1

2049.6055
1916.42031
2004.88359
2007.70837
1965.33334
2016.41604
2016.07201
1946.35167
2008.04006
10 1979.58342
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Payoffs

2

2048918448
1913.221703
2012.514562
1978.870233
1979.864296
2026.625467
2017.968764
1952.183547
2023537133
1990.793269

3

2077.742476
1905.787263
2046.236336
1965.787642
2000.950562
2034.820823
2017.002802
1937.370598
2010.849548
1982.187444

4

2070.424
1897.085
2056.019

1975
2013.808
2040.705
2015478
1930.629
2013.582
2003.077

5 6 7 8 9

207212 2042.8396 2005999 2004.458 2000.77

1894.346 189032564 1899.041 1897.975 1907.031
2040.221 2035.66306 2028.322 2045.73 2041.151
1983.834 19722892 1949.555 1967.257 1971.056
2004.129 2009.81992 1999.698 2008.315 1994.182
2057.459 2083.15873 2085.719 2085306 2071.058
2026.466 2023.09763 2022.151 1997.156 2013.429
1933.294 1952.67237 1947.162 1943.258 1926.111
2016.207 200451372 2021.761 2003.648 2008.477
1997.562 2008.77304 2032.897 2024.602 2010.791

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:

Call Payoffs 1 2 3 4 5 6
1 29.6055 2891845 57.74248 5042448 5212031 22.8396
2 0 0 0 0 0 0
3 0 0 2623634 36.01928 20.22052 15.66306
4 0 0 0 0 0 0
5 0 0 0 0 0 0
6 0 6625467 1482082 20.70472 37.45894 63.15873
7 0 0 0 0 6465621 3.097632
8 0 0 0 0 0 0
9 0 3.537133 0 0 0 0

7 8 9 10
0 0 0 0
0 0 0 0
8.322396 2573047 21.15139 24.92324
0 0 0 0
0 0 0 0
6571932 6530611 51.05818 57.14983
2.150894 0 0 0
0 0 0 0
1.761259 0 0 16.73696

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.

10

1997.091
1885.239
2044923
1979.893
2018.108

2077.15
2015.671
1959.042
2036.737
2038.736



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:

Log Return

Futures -6.52% 1275% 1016%  172%  601%  233%  901% 752% -8.00% -8.09% 11.12%
Call 2024%  158% -1434%  071% -4.84%  658%  479%  978%  9.25%  934%  0.88%
Put 400%  815%  111%  138%  246%  3.69%  7.66%  824%  -2.15%  -1.49%  7.15%

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:
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The output worksheet table looks like this:

Cumulative Confidence
Bin Frequency % 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:

1 There is only a.27% chance that the worst case loss of over -23.34%
9 Thereis 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:

FUTURE - VOLATILITY 16%
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This shows that at 95% confidence level the VaR is around 11%.



Call Option

The histogram for the call option return series looks like this:
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The output worksheet table looks like this:

Cumulative Confidence

Bin Frequency % 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:

1 There is only a.27% chance that the worst case loss of over -14.34%
1 Thereisa 1.1% chance that loss will be over 5.24%




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

CALL - VOLATILITY 16%
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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:

Cumulative Confidence

Bin Frequency % 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:

1 There is only a.27% chance that the worst case loss of over 3.83%
' Thereis a9.34% 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:

PUT - VOLATILITY 16%
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This shows that at 95% confidence level the VaR is around 1.9%.



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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FUTURE - VOLATILITY 25%
0.00%
60% 70%
-50.00%

-100.00%

-150.00%

-200.00%
-250.00%
-300.00%

-350.00% :
Confidence Interval

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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CALL - VOLATILITY 16%
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CALL - VOLATILITY 25%
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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.



PUT - VOLATILITY 5%

90% 100%

Confidence Interval

PUT - VOLATILITY 16%

0.00%
-0.50% 0% 90% 100%
-1.00%
-1.50%
-2.00%
-2.50%
-3.00%
-3.50%
-4.00%

-4.50% .
Confidence Interval

PUT - VOLATILITY 25%
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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.



