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Resumo

A literaturarelativaao uso institucional de opgdesindicaque o principal objectivo destes activos é
dar aos investidores a oportunidade para criar distribui¢des de retorno previamente inatingiveis,
considerando que as opgdes fornecem 0s meios para manipular o retorno das carteiras. Neste
contexto, o presente estudo tem por objectivo analisar os retornos gerados por carteiras de acgdes
cobertas com opgdes. Dado que a cobertura dindmica é dispendiosa, utilizamos um esquema de
cobertura discreto, em que as posi¢les sdo revistas quando aratio de cobertura didria varia para
além de um valor especifico. Os resultados obtidos por este tipo de cobertura indicam que um
pequeno aumento do desvio padrao parece ser largamente compensado por retornos médios mais
elevados. De facto, tais estratégias parecem ser largamente influenciadas pelos movimentos de
preco das acgBes subjacentes, que requerem ajustes mais freqiientes (escassos) em periodos de
volatilidade elevada (reduzida). Neste sentido, estas estratégias discretas parecem mais consisten-
tes e significativas que os arbitréarios intervalos regulares de tempo largamente apresentados e
debatidos naliteratura.
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ABSTRACT

Literature concerning the institutional use of options indicates that the main purpose of option
trading is to provide investors with the opportunity to create return distributions previously
unavailable, considering that options provide the means to manipulate portfolio returns. In such a
context, this study intends to analyse the returns of insured portfolios generated by hedging
strategies on underlying stock portfolios. Because dynamic hedging is too expensive, we have
hedged the stock positions discretely, in away that the positions were revised only when the daily
hedge ratio has changed more than a specific amount. The results, provided by these hedging
schemes, indicate that asmall rise of the standard deviation seemsto be largely compensated with
the higher average returns. In fact, such strategies seem to be highly influenced by the price
movements of underlying stocks, requiring more frequent (sparse) adjustmentsin periods of high
(low) volatility. Thus, discrete hedging strategies seem more accurate and meaningful than the
arbitrary regular intervalslargely presented and discussed in literature.

K ey wor ds: options; hedging; portfolio insurance.
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INTRODUCTION

The literature concerning the institutional use of options implies two primary
motivations: risk reduction and the expansion of investment opportunities. Prior
work has provided empirical evidence of the achievement of these benefits. For
example, Merton, Scholes and Gladestein (1978, 1982) noted that the existence
of options significantly expands the market dimension, through a study where
they analysed the risk and return of alternative call and put option portfolio
investment strategies. Bookstaber and Clarke (1981, 1983) showed that the growth
of options markets and its use by investors overcome the limitations of the stock
portfoliosin meeting theinvestment objectives. Asthey stated, “itisonly by going
beyond the confines of the stock portfolio that the flexibility required to meet
more detailed investment objectives can be realised” (Bookstaber and Clarke,
1983, p. 4). Inthisway, options provide the means to manipul ate portfolio returns
and, therefore, can be used for several purposes, specially protecting market
exposure.

In this context, this study intends to analyse the returns of insured portfolios,
generated by hedging strategies. Consequently, our attention is devoted to the
implementation of deltahedging strategies, using listed options, on long positions
in constructed underlying stock portfolios.

ReviEw OF HEDGING STRATEGIES

The application of traditional insurance theory is discussed in Leland (1980),
wheretheauthor developstwo conditionsthat imply apreferencefor the protective
put. The first condition is that the investor who shows risk tolerance tends to
choose aspot portfolio with higher risk than the average portfolio and to purchase
insurance. The seller of the insurance would hold a spot position that contains
less market risk. The second condition is that the investor hold more optimistic
expectationsthan the average. In order to trade on these beliefs, but still maintain
acceptablerisk levels, portfolio insurance will be purchased. Benningaand Blume
(2985) illustrate that the insurance strategies can, in general, be optimal only for
utility maximisers whose utility functions display non-constant coefficients of
relativerisk aversion. Brooksand Levy (1993) applied stochastic dominance and
expected utility maximisation methods on the S& P 500 index and itsvarious option
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combination strategies. They natice that only those investors with extreme risk
aversion may seefit to use portfolio insurance.

In thisway, delta based strategies, which rely on dynamic hedging through the
Black-Scholes Option Pricing Model (B& S), hasbeen adopted by most academics
and practitioners for hedging purposes. Black and Scholes (1973) demonstrated
that arisk free portfolio can be made by adding a short (long) position on a call
option to along (short) position on the underlying asset in a certain proportion,
which is given by the B& S formula. Since then, a vast literature addressed the
effectsof optionspositionsin astock portfolio context. While, for example, Ross
(1976), Breeden and Litzenberger (1978) and Arditti and John (1980) have
demonstrated the potential of option portfolio strategies in moulding the return
distributions, other studies provided an empirical view of just what effect aparticular
stock option hedging strategy (e.g., covered call and/or protective put) will have
in altering risk-return patterns.

One of the main studies in this area is that of Merton, Scholes and Gladstein
(1978), who formed hedging strategies using the stocks for which there were
optionslisted. Theresultsfor the covered call indicatethat the stock option positions
provided consistently lower returnsthan the stocks al one when stockswere bullish,
but also lower losses for decreases in stock prices. Also, this strategy displayed
lower variance than the stock spot price. Later, Merton, Scholes and Gladstein
(1982) examined uncovered put writing and the protective put. Their findings
were that higher exercise prices tend to generate greater risk, and that the
protective put resulted in slightly lower returnsthan the stock-only positions, but
aso provided much lower risk. The main contribution of these studies was to
provide evidence of theimpact on realised returns and the risk-return characteristics
of stock portfolios hedged with covered calls and protective puts strategies.
However, they hedged only agiven percentagel® of the underlying stock portfolio,
not through the exact delta hedging concept that results from the B& S, which
assumes that delta hedge positions are risk free when rebalanced continuously.

Inthisway, more recently, researchers have shown the benefits of deltahedging
strategies (with listed options) in a wide range of applications. For example,
Alderson and Zivney (1989) examined the effectiveness of delta hedging on the
maintenance of covered index option positions. Generally, the strategy exhibited
lower levels of risk without significant lossesin returns. Other major studiesin
thisareaare the one of Becker and Lemgruber (1989), where, through efficiency
tests on the Brazilian options market (based on the Black-Scholes model), some
effectivenesswas detected. Later, Lemgruber, Becker and Felicio (1991) applied
portfolio insurance strategies, using synthetic put options, to the Brazilian gold
market. The results, as broadly presented in the literature, seem to support the
efficiency of the strategy.
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Kawaller (1993) presents argumentsin favour of deltahedging strategiesusing
options, referring to theideaof insuranceto protect against adversity alone, without
foregoing the beneficial market effects. Thisresult is exactly what follows from
an option hedge. Strong and Dickison (1994) used call options on the S& P 100
index over the period of 1984 to 1988, to study theimpact of thevolatility estimator
on deltahedging strategies. Hancock and Weise (1994) provideempirical evidence
on the effectiveness of derivativesto hedge along position in the S& P 500 stock
index over the period of 1987 to 1989. Among other derivative strategies, they
studied the covered call and protective put using the B& S delta hedging with
listed options.

Although deltaisthe most discussed and used method for hedging purposes, it
has been argued that delta hedging may not eliminate al risk (Neuberger, 1994).
Some authors suggest more sophisticated strategies for improving hedging
effectiveness. However, Clewlow et al. (1993) studied the effectiveness of various
methods of hedging (delta, delta+gamma® and delta+veja®) of stock index options,
analysing errorsdecomposition. No real improvement wasfound in deltatgamma
or deltat+vegahedging, even though delta+gammahedging seemed to be slightly
moreeffective. Also, Duque and Paxson (1994), using asample of equity options,
tested whether complex hedging is more effective than simple delta hedging and
found no evidence to support such a hypothesis.

METHODOLOGY

Among all theoriesin finance, the option pricing model derived by Black and
Scholes (1973) has perhaps had the biggest impact on thereal world of securities
trading and has been widely adopted for hedging purposes. According to this
model, thetheoretical value of aEuropean call option may be expressed asfollows:

¢=S N(d,)-Xe "™ N(d,) [1
where:
In = I+ J(T—t)
d, = WX sod,=d —oNT -t
G\!T

and, S is the underlying market asset price; X is the exercise price; r is the
continuously compounded risk freeinterest rate”; T-tisthetimeto expiration; ¢

190 RAC, V. 5, n. 3, Set./Dez. 2001



Portfolio Insurance Using Traded Options

is the volatility of the asset price return; N(.) is the cumulative probability
distribution function for astandardised normal variable. Black and Scholes (1973)
developed their model to price call options only. However, applying the put-call
parity®, the theoretical value for a European put option gives:

p=5 [Nl - 1]+ xe ™ —N(d, ) [2]

Onthe other hand, Black and Scholes (1973) showed that, adding ashort (long)
position on acall option (thederivative security) with along (short) position onthe
stock (the underlying security) in aproportion given by delta- N(d,) - resultsina
portfolio which should earn exactly therisk free interest rate (r), sinceitsrisk is
nil. Thus, for aportfolio that combinescall options(c) and the underlying stock (S):

N=Q, c+Q, S (3]

where IT is the portfolio value and Q_ and Q, are, respectively, the proportions
invested in the call option and inthe underlying stock. For the short time period, At
changes in value of ¢ and S results in a discrete process®, where the expected
drift rate per unit of time () isnow r. In such acontext, changesin the portfolio
valuearegiven by:

AIT=Q c+Q, <)1 At+@: N(dl)JrQs)cSAz [4]
Equivdently:
ATT=TIr At +(Q_ N(d, )+ Q, ) oSAz 5]
Since AIT should be equal to Ir At, i.e., should earn exactly therisk freerate, it
gives.
Q N@,)+Q: =0 [6]
whichimpliesthat:

1
Q. :*'N“*(CD Qs or Qe =— N(d1) Q. [7

Thus, from Equation [7] it follows that along call option position can be delta
hedged with ashort positionin N(d,) shares of the underlying stock. Similarly, a
long positioninthe stock can be deltahedged with ashort positionin 1/N(d,) call
optionson that stock. Such ahedgeissaid to be deltaneutral and requires option

RAC, v. 5, n. 3, Set./Dez. 2001 191



Carlos Machado-Santos

contractsin aproportion reciprocal to N(d,). Thisisthe case of the covered call
(stock plus a short call). On the other hand, for a portfolio that combines put
options (p) and the underlying stock (S):

M=Q, p+Q, S [8]

where Q, is the proportion invested in the put option and Q, is as previously
defined. In aprocess anal ogous to the one analysed for the call options, changes
intheportfolio value are given by:

ATI = (Q,p+Q, S)r A+ Q (N(d)-1)+Q JoSAz (9]
Equivdently:
ATT = TIr Ae+ Q(N(d)-1)+Q loSA = [10]

Again, since ATT should be equal to Ir At, i.e., should earn exactly therisk free
interest rate, it gives:

Q, (N@,)-1D+Q, =0 [11]
whichimpliesthat:

1
Q, :—W Qs or Qg =- (N(d1)_1) Q, [12]

From the above equations it follows that along put option position should be
deltahedged with along positioninN(d,)-1 shares of the underlying stock. Similarly,
along positioninthe stock can be deltahedged with along positionin 1/[N(d,)-1]
put options on that stock. Thisisthe case of the protective put (stock plusalong
put).

DATA DESCRIPTION

The datacollected for this study consists on traded equity options quoted on the
London International Financia Futuresand Options Exchange (LI FFE) and stocks
from companies quoted on the London International Stock Exchange. We have
collected the equity options bid and ask closing prices, aswell asthe underlying
stock closing prices (and the dividends paid), from atotal of 82 of those securities
available on October 96. This upper period limit was imposed by the time we
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collect the data (nearly November 96). In order to decide what time period should
be covered and, therefore, the lower limit of our sample period, only securities
(stocks and options) that have been traded, at least, over the last two years
(October 94 to October 96) were selected to the sample®. After, some firms
were removed because they: (1) began to trade at alatter stage; (2) were in the
process of being delisted around the end-of -sampl e period; or (3) were subjected
to take-over activities during the time sample period. Next, we separate the
remaining stocksinto three main groups, according to their option expiring dates®.
Again, we have removed from the sample firms that were reallocated to a new
expire cycle during the two years period. After this, the following stocks were
kept from the origina datasample: 26 Stocks (January Cycle), 20 Stocks (February
Cycle) and 8 Stacks (March Cycle). Finally, we have chosen the January Cycle
because it has the highest number of stocks within the same group, and their
options expire in October, being coincident with the limits of our origina data
sample period (see Appendix 1).

Onthe other hand, given that the composition and strategies of hedged portfolios
arenot availablein the market, such datawas simulated. In this context, we have
constructed 5 underlying stock portfolios and implemented 30 different option
delta hedge strategies on such portfolios. Thus, the final data sample for this
study includes daily returns of each stock-option strategy from 150 different
portfoliossmul ated.

The Underlying Stock Portfolios

To the definition of the stock portfolios that underlie the option strategies, we
first selected three (out of 20) efficiently diversified portfolios using the assumptions
of the Markowitz (1952) mean variance efficient frontier model“%. Assuming no
budget constraints, that equitiesareinfinitely divisible, thereisno risklesslending
and borrowing and short sales are not alowed, the efficient set can be cal cul ated
by minimising therisk for any level of expected return asfollows:

i=l =
j#i

N N N
_ 2 __2
Minimise Op = \/lec +2 Z1XiXaGn
[13]
_ N _ N
Subject to: R, =>XR, X, =1 ; X, >0,alli
i=1 i=1

where o, isthetotal risk (standard deviation) of the portfolio; Rp isthe expected
return of the portfolio; R, isthe expected return of security i; X isthe proportion

RAC, V. 5, n. 3, Set./Dez. 2001 193



Carlos Machado-Santos

of the portfolio hold in security i; o, is the covariance of the returns between
security i and j; N isthe number of securitiesin the portfolio. The stock returns
(adjusted for dividends) were computed in logarithmic form asfollows:

_ Si,t + Di,t
Ri,t =Ln Sl,[,l [14]

where R, isthereturn of security i inperiodt; S isthe price of security i at the
end of perlodt D, arethedividends paid by securlty i during periodt; S, isthe
priceof security i atthe end of periodt-1. Then, we created an aternative scenario
where an equal weighted portfolio was defined from the resulting composition of
the previous efficient portfoliosaswell asaportfolio of randomly selected stocks
from the equities available in the main data sample. Once the portfolio holdings
were selected, an equal weight have been assigned to each security (see Appendix 1).

The Option Hedging Strategies

The B&S model, with the adjustments mentioned earlier, was used for the
implementation of hedging strategies. As we saw, for a portfolio that combines
call options and the underlying stock, the number of callsto short isgiven by
the hedge ratio Q., = 1/N(d, ). Similarly, for a portfolio that combines put
options and the underlying stock, the number of puts to purchase is given by
Q. = U11-N(d, ) |. The daily return on the call hedged stock - R, - and the
return on the put hedged stock - R, - are defined as follows (Hancock and
Weise, 1994):

RC,( = R>,t - (Qc,t—l x Rc,r)
[15]
RP,t = Rs,t + ((21’,(—1 X Rp,t

where R_ and R, are the daily returns of the call and put option, respectively,
R, |sthe dal ly returns of the underlying stock, and other variablesare as previousy
defl ned. For theimplementing of the option hedging strategies, we have considered
only along position inthe spot. Thislong position istaken for each stock inthe 5
portfolios previously constructed, with fully covered positions. Three different
strategies were created for both covered call and protective put positions, that
differ only with the exercise price/stock price (X/S) relationship. Thus, for call
optionswehave: X/S=0.9,1.0and 1.1 (IN, AT and OUT-of-the-money). Because
of the period between option exercise dates (within the same cycle) al the call
options written have 3 month maturities and, within each portfolio, all options
written had the same exercise price/stock price ratio. Similarly, for put options
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we have: X/S=1.1, 1.0 and 0.9 (IN, AT and OUT-of-the-money). Within each
portfolio al put options bought have the same exercise price/stock priceratio. In
addition, each period, the exercise price of both call and put optionsischangedin
order to match the requirement of being closest™ IN, AT or OUT-of-the-money.

Assuming that no transaction costs (TC) are charged during readjustments, the
positions were opened and closed daily (the time interval was restricted by the
data collected). The returns were also computed daily. The option premiums
considered are the average of daily closing quoted prices - (bid+ask)/2. When
TC (bid-ask spread)®? are considered the positions would be opened by selling
(buying) acertain quantity of calls (puts). The positions are also readjusted daily
but, contrary to the delta strategiesimplemented earlier when avoiding transaction
costs, only the portion necessary to readjust is exposed to the erosion of the
spread, i.e., we should buy or sell option contracts only intheamount given by the
difference between the delta hedge ratio necessary each day and the positions
previously open (see Appendix 2 for alist of the strategies selected).

EMrIRiIcAL EVIDENCE

The Realised Returns

Assuming that no transaction costs are charged during readjustments in the
positions, we began to delta hedge using the AT, IN and OUT-of-the-money
strategies above mentioned. Both positionswere opened and closed daily and the
returns were also computed daily. Table 1 below presents the average returns
and other descriptive statistics from the call option strategies among the 5 hedged
portfolios, compared with the stocks-only positions.

Table 1: Average Returns from CALL Option Delta Hedging Strategies

Portfolios 1 to 5 - Without Transaction Cos

Stocks Only| C-IN C-AT (
Mean 0.0791%] 0.0221%| 0.0254%
S Dev. 0.6665%| 0.1207%| 0.1988%
Kurtosis 0.3804 43954 5.0526
Skewness -0.0843 -0.1692 -0.4832
N.Obs. 485 485 485
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The above results show a considerable reduction in the average standard
deviation of the returns (among the 5 portfolios) resulting from the cal delta
hedging strategies, compared with the stocks-only positions. Infact, we can observe
asharp fall inthe standard deviationin all the strategies, specially for the IN-the-
money (C-IN) that provides the lowest level of risk (0.1207%) compared with
theAT (C-AT) and OUT-of -the-money (C-OUT) strategieswhich exhibit 0.1988%
and 0.2588% respectively. It also appearsthat the reduction of the averagereturns
(with values between 0.0221% and 0.0285%) isless significant than the reduction
inrisk.

Analysing the results of the individual portfolios (see Appendix 3) we find a
very similar pattern of returns and risk of each of the five (efficient and not
efficient) portfolios. The kurtosis and skewness statistics seem not to be far
from the normal distribution values, except the average kurtosis of the OUT-of-
the-money strategies (C-OUT) for the five portfolios which is closed to 0.91
instead of the normalised value of 3.0.

Theaveragereturnsfrom the put option strategiesamong the 5 hedged portfolios
compared with the stocks-only positions are shown in Table 2 below.

Table 2: Average Returns from PUT Option Delta Hedging Strategies

Portfolios 1 to 5 - Without Transaction Costs

Stocks Only| P-IN P-AT I
Mean 0.0791%| 0.0182%| 0.0207%|
S.Dev. 0.6665%| 0.1416%| 0.2143%]
Kurtosis 0.3804 42223 3.6501
Skewness -0.0843 0.8168 0.4240
N.Obs. 485 485 485

The above results also show a reduction in the average standard deviation of
thereturns (among the 5 portfolios) resulting from the put deltahedging strategies,
compared with the stocks-only positions. Again, a sharp fal is observed in the
standard deviation of all the strategies, specialy for the IN-the-money (P-IN)
that provides a much lower level of risk (0.1416%) compared with the AT
(P-AT) and OUT-of-the-money (P-OUT) strategies which exhibit 0.2143% and
0.2902% respectively.

From the individual portfolios (see Appendix 3) we also find a very similar
pattern of returns and risk for portfolios 1 to 5. The kurtosis and skewness
estimates are similar, in absolute value, to the call strategies, with the average
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kurtosis of the OUT-of-the-money strategies (P-OUT) for the five portfolios
presenting the smallest estimatein the whole sample. However, using put options,
the sign of the skewness is positive (the returns distribution is slightly skewed),
instead of the negative skewness values achieved with the use of call options.

Contrary to what is theoretically expected, it seems not to be indifferent to
chose IN, AT or OUT-of-the-money strategies, in terms of both the level of risk
and return. Given that the daily average for the 3-month TB in the period studied
was0.0167%, this should be, on average, the return achieved whatever the strategy
used. That is, thetarget return for call and put hedged portfolios should be simply
the daily risk free rate.

However, this results are in accordance with some empirical studies such as,
for example, Duque and Paxson (1994), which found different average returns
depending on the option’s moneyness. They have aso achieved positive excess
returns when avoiding transaction costs. The previous results also demonstrate
that ahedged portfolio may not display returnsaslarge asacomparabl e unhedged
portfolio (stocks-only). This cost can be viewed as the return forgone as aresult
of adopting theserisk limiting strategies.

When considering the transaction costs, the positions were al so readjusted
daily but, contrary to the delta strategies implemented earlier when avoiding
transaction costs, only the portion necessary to readjust was exposed to the erosion
of thespread, i.e., we should buy or sell option contractsonly inthe amount given
by the difference between the delta hedge ratio necessary each day and the
positions previously open. All the remaining procedures were unchanged.

Table 3 below presentsthe averagereturnsaswell as other descriptive statistics
fromthecall (C-...-TC) and put (P-...-TC) option hedging strategies, including
transaction costs, among the 5 hedged portfolios.

Table 3: Average Returns from CALL and PUT Option Delta Hedging
Strategies

Portfolios 1 to 5 - Including Transaction Costs

C-IN-TC | C-AT-TC | C-OUT-TC| P-IN-TC
Mean -0.0100%| -0.0311%| -0.0349%| -0.0086%
S.Dev. 0.1325%] 0.2183%| 0.2768%| 0.1647%
Kuwrtosis 33150 4.1076 1.1071)  4.1204
Skewmess | -0.1494( -0.4436 -0.2256  0.310¢
N.Obs. 485 485 485 43:
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The above results indicate that all strategies perform worse as compared with
those previously showninTables1 and 2. Infact, considerable reductionisshown
inthe average returns (among the 5 portfolios) compared with the same strategies
when transaction costs were not considered. However, this decrease was not
followed by the standard deviation, which displaysvalueswhich are only dlightly
higher than thosein Tables 1 and 2.

Thekurtosis and skewness estimates are al so similar, with the average kurtosis
of the OUT-of-the-money strategies(...-OUT-TC) presenting the smallest value.
Again, the sign of the skewnessis negative for calls (the return distributions are
dightly skewed to the right) and positive for puts (the return distributions are
dlightly skewed to the | eft).

From the individual portfolios (see Appendix 4) we also find a very similar
pattern of returns and risk for portfolios 1 to 5, although, in general, the IN-the-
money (...-IN-TC) strategies provide alower level of risk compared with the
AT (...-AT-TC) and OUT-of-the-money (...-OUT-TC) strategies for both
call and put options. Such results show that the dynamic hedging (to all the
portfolios in the sample) could be very expensive and remove any potential
gain from the portfolio protection. Therefore, investors will be motivated to
rebalancetheir hedged positionsusing thelongest (and least expensive) reba ancing
interval for which they believetheir deltahedged positionswill remain amost risk
free.

Inorder to reduce costs, deltahedging at discreteintervals has been suggested®.
Gemmill (1993) showed that the rebalancing frequency is afunction of the loss
from hedging errors and the transaction costs. In thisway, rebalancing should be
done whenever the stock price has moved by some predetermined amount.
Nevertheless, besides providing for some amount of risk, such intervals are
somewhat arbitrary.

Etzioni (1986) showed that adjusting only when the hedge ratio moves by more
than some amount, is the best way to minimise transaction costs and replication
errors, i.e., changes in the hedge ratio requires that (1) for periods of more
volatility, the costsfrom rebalancing in more frequent interval smay be compensated
with lessrisk involved in the hedged position and (2) for periods of low market
volatility (therearelessrisksinvolved) rebalancing in more discreteintervals may
be worth. In this context, we have tried a different hedging scheme where the
option positions should be readjusted only when the daily deltaratio has changed
more or equal to 5% (D5), 10% (D10) or 15% (D15). All the remaining
procedures were kept identical.
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Table 4 below present the average returns (among the 5 portfolios) from the
call and put option hedging strategies, including transaction costsand considering
these discrete rebalancing intervals.

Table 4: Average Returns from CALL and PUT Option Delta Hedging
Strategies

Portfolios 1 to 5 - Discrete Rebalancing Intervals

A; IN-the-Money Stategies B: AT-the-Money Strategies

Calls CINDS | C-IN-D10 | C-IN-DN 1S | C-AT-IS | C-AT-D0 | C-AT-DS
Mean -0.0042%| 0.0008%| 0.0067%| -00150%)] 0.0001%] 0.0107%
S.Dev. 0.1400%)] 0.1479% ] 0.1599%] 02331%| 0.2533%] 0.2730%
Kuwtosis 31041 2.7931 22454 44204 42639 4.7826
Skewness -0.1678|  -0.1204| -0.1338] -0.6691 -0.7052 -0.7569
N.Obs. 483 485 485 483 485 483

Puts PIN-D§ | P-IN-D10 | F-IN-D15 | P-AT-DS | P-AT-D10 | P-AT-D15
Mean -0.0040%| -0.0003% | 0.0033%] 0.0017%] 0.0019%] 0.0002%
8.Dev. 0.1711%] 0.1800%| 0.1924%] 02071%] 0.3108%5] 0.3221%
Kwiosis 3.6002 3.4349 3.5781 3.6770 34162 34817
Skewness 0.3862 0.5027 0.6798 (.5008 0.5843 0.5700
N_Obs. 485 485 485 485 485 485

The results seem to support the use of the discrete hedging scheme, with the
averagereturns (among the 5 portfolios) increasing asthe rebalancing is made at
lessfrequent intervals. That is, compared with thedaily dynamic hedging, it appears
to be worth readjusting the positions only when delta changes by more than a
certain amount. Infact, the small risein the standard deviation seemsto belargely
compensated by the gains in the returns as we move from the more frequent
(D5) tothelessfrequent (D15) intervals. The D15 strategies especially achieved
much higher average returns than all other hedging strategies considering
transaction costs, for both call and put options. From theindividual portfolios (see
Appendixes5 and 6) we also find avery similar pattern of returnsand risk for the
D5, D10 and D15 strategies among portfolios 1 to 5. The kurtosis and skewness
estimates are similar, in absolute value, to the daily dynamic hedging (with and
without transaction costs). Again, the sign of the skewnessis dightly negativeto
al call option strategies, while the put option strategies present slightly positive
skewness statistics.

In this context, the previous results show that the hedged portfolios do not
display returns as large as a comparable unhedged (stocks-only) portfolio.
However, when transaction costs are considered, the return forgone as a result
of hedging is closely related to the rebalancing frequency, i.e., asmall fall in the
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portfolios protection seems to be compensated with a larger rise in the returns
when hedging in discrete intervalsis used.

Comparison between the Strategies

For adetailed anaysisof theresults, wetested for significant differencesbetween
the returns of the strategies, as well as verify whether the mean returns of those
strategies were significantly different when applied to differentially constructed
underlying stock portfolios. The experimentswereformulated asfollows:

Example 1 — Is the mean return of the strategies significantly different
from each other? Given that the strategies were implemented according to
different levels of TC for the 6 moneyness groups™, the objective hereisto test
for significant differences between individual strategies, aswell asfor differences
within each moneyness group.

Example 2 — I's the mean performance significantly different between
moneyness groups? Thisexperiment isformulated to test whether (1) the mean
performance of each moneynessgroup issignificantly different from other groups,
and (2) the mean performance of each class of strategiesissignificantly different
from other classes. In other words, isit indifferent to use AT, IN or OUT-of-the-
money optionsfor delta hedging purposes?

Example 3 — Is the mean performance significantly different between
portfolios P1 to P5? The purpose here isto test whether the mean performance
of the deltaoption strategiesis significantly different when applied on differently
constructed underlying stock portfolios.

On the other hand, for the experiments, we carried out the parametric F-test
for analysis of variance and the non-parametric Kruskal-Wallis rank test.
Although each tests for different mean values among various populations, the
primary difference is the assumption concerning the nature of the distributions
for the test variable. Therefore, because of their complementary nature, the use
of the two statistics seemed appropriate. The F-test for K population meansis
used to test the null hypothesisthat the K samples came from K popul ationswith
the same mean. Thisisaparametric test, which assumesthat the populations are
normally distributed and have equal variances. It also assumes that the samples
are independent from each other (Kanji, 1995).

TheKruskal-Wallistest only assumessimilar distributionsamong the population
groups. Thenull hypothesis statesthat all K population distribution functionsare
identical or, alternatively, the K popul ations have equal means (Conover, 1980).
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In this way, with Example 1 we started to test for differences among all the
strategies, aswell as, separately, for option strategiesinvolving only call writing
or put buying. Theresults confirm that highly significant differencesdo exist. In
fact, the null hypothesis of equal mean returns among all strategies, as awhole
and, separately, for calls and puts, is clearly rejected for both F and Kruskal-
Wallis tests (see Appendix 7, Panel A) at almost any level of significance (p
values approach zero). Very similar results are provided by the F and Kruskal-
Wallisstatistics (see Appendix 7, Panel B) with p values approaching zero, which
clearly indicatesthat isnot indifferent to consider, in the same moneyness group,
the inclusion of different levels of transaction costs®®. In fact, those strategies
without TC do perform significantly different from the strategieswith TC which,
inturn, aso show significant different performances between dynamic deltahedging
strategies and the discrete D5, D10 and D15 delta hedging scheme. Resuming,
and from the stati stics presented, we can infer that there are significant differences
between strategies within each moneyness group.

For the Example 2 we have started to test for differences among all
moneynessgroups (with callsand puts), aswell as, separately, for groupsinvolving
only callsor puts. Theresults, presented in Panel C of Appendix 7, provideF and
Kruskal-Wallis statistics that refute the null hypothesis of equality between
moneyness groups. On the other hand, testing for mean performance differences
within classes of strategies (which contains individual strategies from different
moneyness groups), we verify that the null hypothesis of equality is clearly
rejected (see Appendix 7, Panel D, Part 1). Running the same tests for mean
differenceswithin classes of strategiesthat involve, separately, either calls (Panel
D, Part 2) or puts (Part 3), the results confirm the rejection of the above null
hypothesis. Resuming, we can conclude that there are significant mean
performance differences for strategies between (or within) moneyness groups
and within each class of strategies. Moreover, the sameisalso truefor call versus
put strategies, where significant mean performance differences are observed. In
thiscontext, it seemsto be no indifferent to use call or put strategies asinsurance
strategies.

For the analysis of Example 3, the F and Kruskal-Wallis statistics presented in
Panel A of Appendix 8 clearly indicate that the null hypothesis of equal mean
performance between portfolios cannot berejected, considering either the average
performance of the 30 strategies of each portfolio or the 15 strategies involving,
separately, callsand puts. Such results are even more emphasi sed comparing the
portfoliosby moneynessgroups, where the statistics show, once again, no significant
mean performance differences between the 5 portfolios for both call (see
Appendix 8, Panel B) and put (Panel C) strategies, either for AT, IN or OUT-of-
the-money. Thus, in this context, we may concludethat, for hedging purposes, the
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way the underlying stock portfolios are simulated (constructed) appears to be
indifferent, since no significant mean performance differences were detected.

CONCLUDING REMARKS

Theresults provided by the simulations show that the delta hedging strategies
using both call and put options seem to depend heavily on whether the strategies
avoid or incorporate transaction costs and, in alower degree, on the moneyness
of the options. Introducing transaction costs (bid-ask spreads) the resultsindicate
that al strategies perform worse as compared with those ignoring transaction
costs. In fact, we verify alarge reduction in the average returns. However, this
decrease was not followed by the standard deviation, which display identical
values to those obtained when transaction costs were not considered. Also,
generally, the IN-the-money strategies provide a lower level of risk compared
with the AT and OUT-of-the-money strategies for both call and put options.
Moreover, the strategies that involve call options seem to achieve, on average,
better returns (statisticaly significant) than thoseinvolving put options, even when
the discrete hedging schemeis used. Such results are in accordance with most of
the studies on this subject, where it has been shown that call options tend to
outperform put options hedging strategies.

Theresults provided by the discrete hedging schemes show that the small rise
in the standard deviation seemsto be compensated with the gainsin the average
returns asthe strategi es move from the more frequent to the lessfrequent intervals,
for both call and put options. For periods of morevolatility the positions haveto be
readjusted more often, involving a higher level of TC and, consequently, lower
returns. On the contrary, for periods of lessvolatility, readjusting ismoreinfrequent
and, therefore, the hedging strategies result in better returns. Traditionally, such
resultswere not achieved by discrete hedging in regular intervals of time, where
excessive (insufficient) readjusting may occur in periods of low (high) volatility.

To sum up, from the arguments presented above, it seems preferableto use call
options for delta hedging purposes, as well asthe discrete delta hedging scheme
proposed, where the readjusting frequency isclosed rel ated to the volatility of the
underlying stocks, despite the insurance feature of the put options. On the other
hand, the way the portfolios are formed appears not to be important, since no
significant statistical differenceswere found.
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NoOTES

1 For example, Merton, Scholes and Gladestein (1978, 1982) used values of 0=0%, 0=25%,
0=50%, 0.=75% and 0=100%, where a is the proportion of the underlying stock portfolio to be
hedged, for both covered call and protective put.

2Gamma (I) istheratio of achangein the option deltafor agiven change in the underlying stock
price. For acall option, T', = dA /dS; for aput option, Fp = aAp/E)S.

3Vega(A) istheratio of achangein the option priceto achange in the volatility of the underlying
stock price. For acall option, A = dC/dc; for aput option, Ap= dP/dc.

4 The secondary market Treasury Billsrate (TB) isused asaproxy estimate of therisk freeinterest
rate. However, since TB are expressed as discount rates, the equivalent yield is cal culated through
theequationr = d/(1—d(T —t/365)), wherer isthe equivalent yield, d isthe quoted TB rateand T—
t is the number of days until maturity.

5 The Put-Call parity statesthat the val ue of an European call can be deducted from the value of an
European put with the same exercise price and exercise date, and vice versa, according to the
relation: c + Xe" (™D =p+ S

6 Assuming that the stock price Sfollows ageneralised Wiener process (acontinuoustime stochastic
process, a so known as Geometric Brownian Motion. See Shimko (1992), expressed now in discrete
termswe have:

oc o 1% ., oc
AS=uSAt+cSAz and Ac=|—pS+—+——0"S" | At+—GSAz
HeAEToRAs [as*l & 258 as

wherethe uSAt term impliesthat S hasan expected drift rate of . per unit of time; the 5SAzterm can
be regarded as the amount of variability added to the path followed by S.

7 We excluded all the stocks for which there were no traded options. FTSE indexes were also
excluded because they do not belong to the population under analysis.

8 Which guaranties some continuity of the transactions and afair enough number of observations.

9 LIFFE provide three cycles for the equity options to expire: the January Cycle - the 3 nearest
expire months from Jan./Apr./duly/Oct.; the February Cycle - the 3 nearest expire months from
Feb./May/Aug./Nov.; and the March Cycle - the 3 nearest expire months from Mar./June/Sept./
Dec.

10 Besides the great number of studies that employ the Markowitz model, Mueller (1981) was one
of the first to use efficient portfolios underlying the implementation of option strategies.

11 When in absence of exact values for the ratios in each moneyness state and to mitigate any
potential bias, the AT-of-the-money contract is defined as the contract which has the smallest
absolute different between the exercise price and the price of the underlying stock.

12| n option markets the bid-ask spread is considered the factor with moreimpact in costs (Berkman,
1991). Also, as stated by Duque and Paxson (1994), no doubt that the bid-ask spread becomes the
most important source of costs when hedging strategies are executed.

13 Such as one week (e.g., Whaley, 1982), two weeks (e.g., Bhattacharya, 1983), one month (e.g.,
Chiras and Manaster, 1978), and two months (e.g., Leland, 1985).
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14 That is, when (H,-H, ;)/H, ; > 5%. H, and H,_, are, respectively, the delta hedge ratio on day t

and in the previous day t-1.

15 For the tests, we have organised the dataas follows: (1) M oneyness Groups, which are defined
for each group of strategies that are included in the same degree of moneyness (e.g., C_AT;
C_AT_D15; C_AT_D10; C_AT_D5; C_AT_TC) and (2) Class of Srategies, that represent the
strategies of the samekind, but applied in different moneynessgroups(e.g., C_AT; C_IN; C_OUT).

16 \Which result from differences in the readjusting frequency.
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APPENDIX 1

List of Stocks and Proportions Invested on the Simulated Stock

Portfolios

Her Stecks Dat 1 Dat 2
1 AIL0 Alled Dromecp 0.40%% 1.26%:
2 AFT Eis 0.6 305
3 AWE Erbih Adeae 205 8365,
4 YL Sefemay — —
5  EHM SmithElve Beecham — —
& EOT Boots Co 610 5115
7 EP Eriih Petrolm IESE. 3LS1%
& ESS Fass — —
?  CTD Coxik — —
10 CT4 Conmeci] T 565 065
11 CW Cibk& Wieks 115 TG,
12 GH0 Glo Welane — —
13 HSE HEEC HoHies — —
14 I Inperil Chemial hdetres 1.52% LAl
15 EGF Eigfiler — —
16 15 Land Secries 0. 7T
17 M5 Tifarhs md Spercer 2.15% —
13 MWT Hatiwal Westmister B — —
19 ERUT Reuers Hollies — —
A SAH Sakdnry — —
21 SHL SkelTrmep. & TrdvgCo — —
2 STL Fiid Steel 0.40%% 0%,
5 STR Staehose 815 1L
M TW Thames Whtr SEDY 670,
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APPENDIX 2

Resume of the Option Hedging Strategies Selected

E

C_IN_TC
N: %¥5=08 |[c INDs I
C_IN_D10
C_IN D15

C_ATE

Covered C_AT TC Protective
Call |&4T X5=10 |C AT DS Pm |2

Strategies C_AT DID Stategies

C_AT D15

C_oUTa
C_OUT_TC
OUT 38=1.1|C_OUT D3 C
C_OUT DIO

C_OUT DI5

Hotes: ® = shategis wihowt traveaction costs (6. Allofher 24 shategis ichde
option bedgie stratesies for eachstock
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APPENDIX 3

Daily Returns from Option Delta Hedging Strategies Without
Transaction Costs

Continuously Compounded Rate of Return

Wilih Call Dyt

Paifckcl | © I ¢ ar  cour | po
BereTaz OJEL7% 0p261% 0p289| 00
3 Dew. 0,1210%  02065% 026608 | 0l
Eirtosis 51796 4plen Lles| 4
iemress 02583 -03s40 03| o
W .Obs. 425 425 435

Paifcho 2 | C_I7 C_aT  COOT | P
Terersg 021E%  0p264%  Op=02%| 0
3 Dew. 0,1264%  02075% 02709 0,1
Eirtosi sp4s0 47ee2 1osi| 4
Lievmress 02352 -03;l -067| 0
W .Obs. 425 425 435

Paifcko 3 | C_IY T AT COOT | D
BereTaz DJE19%  0p269% Op319%| 00
3 Dev. 0,5322%  02084% 02713 0L
Foirtosis 58120 44655 08%6| 4
iemress 02635 -03zs0 -0leT| 0
W .Obs. 425 425 435

Paifclic d | C_I¥ C_aT  CoOOT | P
Trerag 0220%  0p240%  0p270%| 00
3 Dew. 0,098%  01773% 02299 0L
Eirtosi 22619 45168 ozmzl 2
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APPENDIX 4

Daily Returns from Option Delta Hedging Strategies Including

Transaction Costs

Continuously Compounded Rate of Return

Vilth Call Optians
Parifclicl | ©_IM TC CATTC C_OUTTC| PO
TaeTam OP0E6Y%  -0p24% 0 E60%| -0)
3 Dew. 01384% 02208%  o@sew| o,
FimtosE 38302 40038 13006
Liwvmress 01747 -03662  -03140
. Ohs. 435 485 435
Paifchic 2 | C I TC C AT TC C_OOLIC| IO
TemTa: Op0ETH  Dp2e% 0 0E41%| -0
S Dew. 01410% o2am%  oenw| o,
FimtosE 30300 40010 1 2666
Fiwvress 01747 -03066  -02601
. Ohe. 425 425 425
Paifcle 3 | C I TC C AT TC C OOLTC| PO
TeeTa Op00TH 02T 0 0E26%| -0
2 Dew. 0l418%  o02343%  omeon| o,
FimtosE 43065 46034 10907
Liwmress 01804 -03WE  -01819
. O, 425 425 425
Paifclicd | C I TC C AT TC C_OOLIC| IO
TemTi 0plaa%  DpII%  0,208%| -0
3 Dev. 0ll56%  0lesa%  0.5s1m| o,
FimtosE 23764 10005 03542
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APPENDIX 5

Daily Returns from Option Delta Hedging Strategies “ Discrete’
Rebalancing Intervals - With Call Options

Continuously Compounded Rate of Return

N #he-Nomer AT-the Money
Poxt.1 | c-miDs conoDl0 cDEDIS| coAT DS CoATDD CoAT-DIS
e T T R N [ A A e
& Doer. 014627 Q1537 0lear| 0ESTL 02852% 02702%
Faxtoci nemms 3173 23mE|  sasm spdso s e
Shemmess | -01334 0161 -0iFes|  0R66 0645 -0TET4
.0k, 435 435 435 485 485 485
Fort. ? | C-I9-I6 C-IN-DI0 C-I-D15| C-AT-L6 G-AI-DI0 C-A1-D015
Imrage | 00057V D008, opoer] -00I0ds 0oollE. 0o
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Shemmess | -01415 00366 -01210| 06540 06TIE 06151
.0k, 485 435 485 485 485 485
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Imrag | -00050%  OO01EF,  OQ06TF| -00ETEA  -0M08%.  00eeE
& Doer. 01316% 0153 015M%| 040 02F15% 03E3IN
Faxtosi 17371 10716 Lome| E4M1 0 I7R64 40702
Shemmess | 02831 02260 -03107| 0568 07605 -05E0E
.0k, 435 435 435 485 485 485
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APPENDIX 6

Daily Returns from Option Delta Hedging Strategies “ Discrete’
Rebalancing Intervals - With Put Options

Continuously Compounded Rate of Return
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APPENDIX 7

F and Kruskal-Wallis Tests For Different Means by Strategy
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APPENDIX 8

F and Kruskal-Wallis Tests For Different Means by Portfolio

Strategies/Groups | Fstat pvalue  df  Fpq% Fopyl% | He-stat
Panel A Portfolio Mean Differences for All Strategies
Calls and Puts 4,29 1,38%  4,2415 2,38 3,33 10,62
Cals 1,27 2787 42415 2,38 3,33 4,685
Puts 1,07 34,230 42415 2,38 3,33 3,72
Panel B Portfolio Mean Differences for Call Moneyness Groups
At-the-Woney 1,20 30,270 4,2415 2,38 3,33 3,06
In-the-Money 1,06 34,52% 4,415 2,38 3,33 4,46
Out-of-the- WMoney 0,69  50,03% 42415 2,38 3,33 3,65
Panel C: Portfolio Mean Differences for Put Moneymess Groups
At-the-Money 0,09 91.45%  4;2415 24,38 3,33 1,97
In-the-Money 0,79 4533%  4;2415 4,38 3,33 2,55
Out- of-the- Money 1,18 30,72% 42415 2,38 3,33 3,96
F-Test
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