Constructin Greek-Neutral of European Stock Options


Abstract

In the course Matlab I chosed to write about Greeks and constructing Greek-Neutral Portfolios of European Stock Options. 

The main reason for chosing this topic for the seminar is that I know that this information will give me wider knowledge in the area of Greeks and portfolios. 

I am going to begin by introducing all the Greeks and explaining what they are and how we can use them.

I am going to continue with an example from the book in wich I am going to create an equity option portfolio. I will do this in four different steps, just like in the book, where you will see the different commands in Matlab.
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Introduction

This seminar is part of the course MatLab.

I chose to have a seminar ‘constructing Greek-Neutral Portfolios of European Stock Options´ because it is an essential part and I think that it should be one of the main parts in this course.

The general procedure of  constructing Greek-neutral Portfolios of European stock Options is the greeks of a particular option are a function of the model used to price the option.


3.  Constructing Greek-Neutral Portfolios of European Call Options

In this part of ower work, we are going to learn how to measure the sensitivity of an option with respect to other important factors. The greeks that we are going to investigate, are: delta, gamma, vega, lambda, rho, and theta.

Delta     

 is the price sensitivity of an option with respect to changes in the price of the  underlying asset and it also represents a first-oreder sensitivity analogous to duration in fixed income markets.

Gamma     

is the sensitivity of an options delta to changes in the price of the 
  underlying asset, and it represents also a price sensitivity analogous to convexity in fixed income markets.                                

Vega        

is the price sensitivity of an option with respect to changes in the volatility of the underlying asset.

Lambda     

is also known as the elasticity of an option. It also represents the 
  percentage change in the price of an option relative to a 1% change in the price of the underlying asset.

Rho          

 is the rate of change in option price relative to the risk-free interest rate.

Theta       

is the rate of change in the price of a derivative security relative to time, and it is usually very small or negative since the value of an option tends to drop as it approaches maturity.

Delta Neutral 

 is a portfolio constructed with delta zero. This is done to be able to insulate the value of an option portfolio, from small changes in the price of the underlying asset.

Delta, Gamma Neutral 

 is a portfolio constructed with both delta and gamma equal to zero. This is done to protect an option portfolio from larger changes in the price of the 
                         underlying asset.

Delta, Gamma and Vega Neutral 

 is a portfolio constructed with delta, gamma and vega all equal to zero. We need to construct such a portfolio if we want to have ower portfolio insulated from small changes in the volatility.

After having introduced all the greeks and what they stand for, we can now move on using the Black&Scoles model for European Options. We are going to create an equity option portfolio that is simultaneously Delta, Gamma, and Vega Neutral. Remember that the value of a particular greek of an option portfolio is a weighted average of the corresponding greek of each individual option and the weights are the the quantity of each option in the portfolio.

The first step is to create a input data matrix, wich sould summarize the relevant information.

DataMatrix = [100.000  100  0.2  0.3    0
                           %Call


       119.000  125  0.2  0.2    0.025                            %Put


         87.200   85   0.1  0.23  0
                           %Call


       301.125  315  0.5  0.25  0.033]                           %Put
Assume that the annualized risk-free rate is 10% and Is constant for all maturities of interest.

RiskFreeRate = 0.10;

Now, in order to clarify things, assign each column of DataMatrix to a column vector whose name reflects the type of financial data in the column.

Stockprice       =   DataMatrix (:,1);

StrikePrice      =   DataMatrix (:,2);

ExpiryTime     =   DataMatrix (:,3);

Volatility         =   DataMatrix (:,4);

DividendRate  =  DataMatrix (:,5);
The second step is to compute the prices, as well as the Delta, Gamma, and Vega sensitivity greeks for each of the four options. All this is done based on the Black-Scholes model.

[Callprices, Putprices] = blsprice ( StockPrice, StrikePrice, RiskFreeRate, ExpiryTime, Volatility, DividendRate );

[CallDeltas, PutDeltas] = blsdelta (StockPrice, StrikePrice, RiskFreeRate, ExpiryTime, Volatility, DividendRate );

Gammas = blsgamma (StockPrice, StrikePrice, RiskFreeRate, ExpiryTime, Volatility, DividendRate );

Vegas = blsvegas (StockPrice, StrikePrice, RiskFreeRate, ExpiryTime, Volatility, DividendRate );

Now we have to extract the prices and deltas of interest to account for the distinction between call and puts.

Prices  = [CallPrices(1) PutPrices(2) CallPrices(3) PutPrices(4)];

Deltas  = [CallDeltas(1) PutDeltas(2) CallDeltas(3) PutDeltas(4)];

The third step is to solve the linear system of each equation such that the overall option portfolio is simultaneusly Delta, Gamma, and DeltaNeutral. To be able to solve the linear system of equations we have to assume an arbitrary value on ower portfolio, of $17,000.

A = [Deltas; Gammas; Vegas; Prices];

B = [0; 0; 0; 17000];

OptionQuantities = A/b; % Quantity (number) of each option.

This solution helps us compute the value of a particular greek of a portfolio of options as a weighted average of the corresponding greek of each individual option of the portfolio.

The fourth and last step is to compute the market value, Delta, Gamma and Vega of the whole portfolio as a weighted average of the corresponding parameters of the options. We are going to compute the weighted average as a inner product of two vectors.

PortfolioValue = Prices * OptionQuantities;

PortfolioDelta = Deltas * OptionQuantities;

PortfolioGamma = Gammas * OptionQuantities;

PortfolioVega = Vegas * OptionQuantities;

Threw the different steps in this example, after performing these computations, we will get the following output:

Option
Price
Delta
Gamma
Vega
Quantity

1
6.3441
0.5856
0.0290
17.4293
22332.6131

2
6.6035
-0.6255
0.0353
20.0347
6864.0731

3
4.2993
0.7003
0.0548
9.5837
-15654.8657

4
22.7694
-0.4830
0.0074
83.5225
-4510.5153
Portfolio Value: $17000.00

Portfolio Delta:       0.00

Portfolio Gamma:  -0.00

Potfolio Vega:        0.00

As we can see from the answer, the option portfolio is Delta, Gamma, and Vega neutral as we wanted them. We can also see that the value of ower portfolio is $17000.
Conclusions
My conclusions of this seminar is that matlab is a very usefull finacial tool which gives us the possibilities to work in a more advanced way and gives us the outcome of the problem in a more accurate way with graphs. 

During this seminar I have learned to measure the sensitivity of options with respect to other important factors such as Greeks. I have also learned to to construct delta-neutral portfolios and this is done by constructing a portfolio with delta zero to be able to insulate the value of an option porfolio from small changes in the price of the underlying asset. To be able to protect an option portfilio from larger changes in the underlying asset I have learned to construct a potrfolio with both delta and gamma both zero. A portfolio of this kind is called delta and gamma neutral. Now, if we want to construct a portfolio insulated from small changes in the volatility of the underlying asset we must construct a portfolio with delta, gamma and vega neutral.

A summary of this is that we can construct three kind of portfolios depending on what we want to insulate, the value of the underlying asset or changes in the underlying asset or even changes in the volatility of the underlying asset.
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