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Abstract

Severa techniques to assess the effectiveness of a hedge have been suggested in the literature.
While these techniques hold theoretica appedl, there is little empirica evidence as to their
effectiveness. This paper provides an empirical comparison of three measures of hedge
effectiveness in the context of hedging market risk using the Austraian All Ordinaries Share
Price Index Futures contract. Specifically, the Markowitz (1959) portfolio standard deviation
measure, the Howard and D’Antonio (1987) HBS measure and the measure suggested by
Lindahl (1991) are applied to assess hedge effectiveness. The results indicate that the selection
of the particular measure of hedge effectiveness has a considerable impact on the assessment of
hedged portfolios. Further, the paper highlights problems that arise in applications of the Lindahl
(1991) and Howard and D’ Antonio (1987) measures.
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1 Introduction

Hedging has many definitions and the literature has adopted different approaches to defining the
concept. Ghosh (1993b, p.743) observes that “the objective of hedging is to minimise the risk of
the portfolio for a given level of return”. Nance et a (1993, p.267) describe corporate hedging
with derivatives as “the use of off-balance-sheet instruments ... to reduce the volatility of firm
value’. Duffie (1989, p.201) asserts that the essence of futures hedging is the “adoption of a
futures postion that, on average, generates profits when the market value of the given
commitment is lower than expected, and generates losses when the market value of the
commitment is higher than expected”. Despite their different focus, the common theme linking
these definitions is risk reduction, athough some researchers, such as Sutcliffe (1993) and
Pennings and Meulenberg (1997), have extended the purpose of hedging to include profit

maximisation within the context of a portfolio.

The decision to hedge risk depends on a number of factors. First, the degree of risk aversion
attributable to the investor influences their desire to hedge such that a risk-averse investor may
be expected to hedge. According to Smith et a (1990), hedging has assumed increasing
commercia importance over the last twenty years from the perspective of risk averse investors.
More complex determinants of the decision to hedge, particularly relating to organisations such
as banks, corporations and insurance companies, have also been considered in the literature.
Smith and Stulz (1985) and Smith et d (1990) advance theories of hedging behaviour in which
taxes, costs of financia distress and manageria risk aversion influence the decision to hedge.
Generadly, these suggestions have received empirical support. For instance, Nance et a (1993)
provide empirical support for the theories of Smith and Stulz (1985). A survey conducted by
Mian (1996) revedls that hedging activities are associated with economies of scale, although the

evidence is mixed with regard to explanations of corporate hedging activity based on tax, capita



market imperfections and contracting costs. An additiona factor which may influence the

decision to hedge is the availability of suitable derivative products.

Given that risk minimisation is a key purpose of hedging activity, it is necessary to be specific
about the type of risk. Market risk is the risk that an adverse movement in the market as awhole
will reduce the value of a financial investment. Collins and Fabozzi (1999) decompose market
risk into interest rate risk, equity price risk, foreign exchange risk, commodity price risk, and
basis risk. Hedging may reduce the exposure of fund managers, corporations and individua

investors to such risk. In this paper, we focus on the market risk in the Australian equity market.

Generadly, market movements are identified through the consideration of a share price index. In
Audtraia, market movements are generaly indicated by the Australian All Ordinaries Index
(AOI).! In 1983, the Sydney Futures Exchange introduced the Australian All Ordinaries Share
Price Index Futures (SPI) contract, written over the AOI.? The SPI contract, together with
options written on the SPI, is the “primary equity derivative in Austrdia’, according to officia

figures from the Sydney Futures Exchange’

Share price index futures may be preferred to options written on share price index futures

because the futures market is considerably more liquid than the options market, as evidenced by

! The Australian All Ordinaries Share Price Index is cal culated using the market prices of approximately 330
of the largest companies listed on the Australian Stock Exchange. The index covers around 95% of the
total capitalisation of listed Australian stocks. The definition of thisindex changed in 2000, but the change
occurred outside the sample period in this study.
2 The SPI futures contract unit is calculated by multiplying the AOI value by $A25. Delivery of the SPI
futures occursin March, June, September and December, up to eighteen months ahead. Trading ceases on
the last business day of the contract month, and settlement occurs through the Sydney Futures Exchange
Clearing House on the second business day following the last permitted day of trading. As thereis no
tangible commodity to deliver, settlement is always made in cash and the settlement price is the closing
quotation for the All Ordinaries Share Price Index on the last day of trading, calculated to asingle decimal
place.
% Other non-equity derivatives, including 90-Day Bank Accepted Bill Futures and 3-Year Treasury Bond
Futures, are traded more heavily than the equity derivatives. However, of the equity derivatives traded in
Australia, the SPI futures and options are the most heavily traded.
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the relative annual SFE floor trading volume of the equivalent Australian derivatives.* Further,
Ghosh (1993b) notes that generally, index futures are favoured as a hedging vehicle because of
their speed and lower transaction costs, including the bid-ask spread and brokerage commissions.
Empirical evidence presented by Benet and Luft (1995) and Hsin, Kuo and Lee (1994) supports

the use of futures over options for hedging, given transactions costs and market frictions.

Hedging market risk is of considerable commercial importance. In arecent paper, Walter (1999,
p.1) asserts that “[flunds under institutional management are massive and growing rapidly,
particularly as part of the resolution of pension pressures’. He estimates that on a global scale,
the global tota of assets under management in 1997 was estimated at close to $30 trillion. In
Audtraia, the assets of managed funds, and in particular superannuation funds, have increased
considerably over the last seven years, from $A267,333 million to $A581,170 million.” These
funds may have significant exposure to market risk, and may choose to use share price index

futures contracts to reduce the risk of losses on their portfolios.

To implement a hedge, it is necessary to determine the appropriate hedge ratio. Hull (1997, p.35)
defines a hedge ratio as the “ratio of the size of the position taken in futures contracts to the size
of the exposure’. Subsequent to the estimation of the hedge ratio, there are a variety of
techniques available to assess the dfectiveness of the hedge. Two main approaches to hedge
effectiveness have emerged in the literature, namely measures which address the risk reduction
aspect of the hedge, and measures which incorporate aspects of both risk and return. The
selection of measures of effectiveness is likely to impact on the assessment of hedge

effectiveness. However, empirical evidence on thisissue is scarce.

* For example, in 1998 the annual trading volume in All Ordinaries Share Price Index futures was 3,280,512
contracts compared to the annual trading volume in SPI Options of 832,227 contracts.
® Data on managed assets was obtained from the Reserve Bank of Australia Bulletin, September 1999.
Datafrom June of each year are used.

4



This paper examines the application of different measures of hedging effectiveness when
hedging market risk using the Austraian All Ordinaries Share Price Index Futures contract.
Hence, the contribution of the paper is to provide comparative evidence on the performance of
various hedge effectiveness measures. This contribution is of practical importance given the
need for investors, treasurers and fund managers to determine the effectiveness of hedging
activities, and adjust their strategies accordingly. Clearly, accurate measures of hedge

effectiveness are required for effective decision-making.

Section Two of the paper provides a description of the theoretical framework, and a discussion
of the relevant literature. The research method is presented in Section Three. Section Four
provides a description of the data. Results and anaysis are presented in Section Five. Findly,

conclusions are provided in Section Six, accompanied by suggestions for further research.

2 Prior Literature

2.1 Theoretical Framework: Mean-Variance Portfolio Theory

The theoretical framework most commonly applied to the evaluation of hedge ratios is the mean+
variance theory of portfolio sdlection. According to Markowitz (1959), al investors share the
objective of maximisation of expected return for a given level of risk, or aternatively minimising
risk for a given expected return. Johnson (1960) provides atheoreticd analysis of hedging using
commaodity futures, based on the concept that hedgers are motivated by the desire to obtain an
optimum combination of expected return and variance as determined by their utility functions.
Stein (1961) aso gplies meanvariance portfolio theory to hedging usng commodity futures

contracts.

However, the meanvariance portfolio approach suffers from a number of limitations arising

from the assumptions on which it is founded. Genera limitations are discussed in detall



elsawhere, by authors including Marshall and Herbst (1992), Kolb and Okunev (1993). Further,
Marshall and Herbst (1992) identify specific limitations within the context of futures hedging.
They argue that the mean-variance framework ignores the fact that futures positions are taken
without initid investment. The meanvariance framework is a single period model, while futures
hedging is multi-period. Further, short futures positions should be treasted as having positive
portfolio weights, given positive margin requirements, but they are treated as having negative

weights under the Markowitz approach.

Alternative hedging frameworks, such as the Mean-Gini approach, have been proposed. While
the theoretical base underlying Mean-Gini is sound, there have been on-going practica problems
associated with the calculation of the extended Mean-Gini coefficient.® Moreover, this technique
does not appear to be widely used in practice. Until dternative techniques such as Mean-Gini
become more amenable to empirical application, the mean variance theory will continue to

dominate because of its smplicity, intuitive appedl, and ease of caculation.

Within the mean-variance framework, the criteria for assessment of the effectiveness of a
hedge depends on the objective of the hedge. There are two main approaches to the assessment
of hedging effectiveness. The first, and more traditional view is that hedging is amed exclusively
at risk minimisation. Proponents of the second approach consider hedging to be aimed at toth
risk minimisation and return maximisation. Both approaches attribute behaviour and the degree

of success of a hedge to the motivating effects of risk and return.

2.2 Risk Reduction Measures of Effectiveness
Although basis risk prevents the existence of a perfect hedge, the risk may be minimised through

hedging. Indeed, Working (1953, p.326, origind emphass) asserts that “hedging in commodity

® Discussions of the Mean-Gini framework are provided by Kolb and Okunev (1993), Shalit (1995), and
more recently by Lien and Shaffer (1999).
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futures involves the purchase and sale of futures in conjunction with another commitment,
usually in the expectation of a favourable change in the relation between spot and futures
prices.” In short, hedging may be viewed as speculation on the basis. In the spirit of Working
(1953), Castelino (1992, p 199) asserts that the “ minimum-variance hedge ratio ... minimisesrisk

for the leve of return implied by the basis’.

Ederington (1979) is credited with synthesising the work of Working (1953, 1962), Johnson
(1960) and Stein (1961) to create a measure of hedging effectiveness based exclusively on risk
reduction. His technique involves the consideration of the coefficient of determination, aso
known as the unadjusted R? statistic from the hedge ratio regression. Ederington (1979)
measures hedging effectiveness as the percent reduction in variability. Ederington’s (1979)
technique applies to hedge ratios caculated using ordinary least squares (OLS) regressions, and
only remains valid when the data satisfies the assumptions of OLS. Ederington’s technique has
been applied and discussed by Franckle (1980), Hill and Schneewels (1981), Gjerde (1987),

Herbst, Kare and Caples (1989), and Pennings and Meulenberg (1997).

However, the applicability of Ederington’s (1979) effectiveness measure to more complex hedge
ratio estimation models is questionable. For instance, Herbst, Kare and Caples (1989, p.90) note
that Ederington’s (1979) measure must be “interpreted with caution” when applied to Box-
Jenkins ARIMA models. Logically, this comment extends to the assessment of other hedge ratio
estimation techniques including error correction models, given that the original measure was not

designed to assess the hedge ratios obtained using such models.

A more general measure of hedge effectiveness may be drawn directly from Markowitz's

(1959) theory, namely the reduction in standard deviation of portfolio returns associated with a



hedge. This measure has the advantage of applying regardiess of the estimation technique

employed to obtain the hedge ratio. Further, it is easily interpreted and has intuitive appedl.

2.3 Risk-Return Measures of Effectiveness

In awidely cited paper, Howard and D’ Antonio (1984) define hedging effectiveness in terms of
both risk and return, rather than exclusively in terms of risk reduction. Drawing on the work of
Anderson and Danthine (1981), Black (1976), Dale (1981), Working (1953), Stein (1961) and
Johnson (1960), Howard and D’Antonio (1984) develop the following measure of hedging

effectiveness; ’

HE = o M

where
HE = hedge effectiveness
(h = Sharpe ratio of the hedged portfolio
gs = Sharpe ratio of the unhedged portfolio

_(R,-1)

Sp

(2)

where
R, = expected return on the portfolio®
I = risk free rate of return
S , = standard deviation of return for the portfolio

However, the Howard and D’Antonio (1984) modd is potentialy flawed, and subsequent
researchers have arguably improved it. Chang and Shanker (1987) demonstrate that the second

order condition of Howard and D’ Antonio (1984) is incorrect, and specificdly that it is not

" Sharpe (1994) provides a useful discussion of the intuition underlying the Sharpe ratio used in the hedge
effectiveness measure.

n

® Expected return is defined in the tradition of Markowitz (1959) as E(R,) = é w;.E(R) where
=1

E(R,) = expected return on portfolio, E(R;) = expected return on asset i, andw; = weighting of asset i

in the portfolio.
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necessary for the difference between the return on the unhedged portfolio and the return on the
risk free rate to be greater than zero. Further, Chang and Shanker (1987) demondtrate that the
Howard and D’ Antonio (1984) measure produces inconsistent results. They propose a revised

measure of effectiveness, HE;, asfollows;

qh - qs
|

HE, = ©)

where the parameters are as defined previoudly.

Howard and D’ Antonio (1987, p.378) recognise that their original second order conditions are
incorrect, but argue that “we do not think that the situation in which rs is less than the risk-free
return is very interesting”, where rs is defined as the return on the unhedged portfolio. However,
this view may not be sustainable, in light of the evidence presented later in this paper.
Nevertheless, Howard and D’ Antonio (1987, p .78) concede that when this situation occurs, or
when the difference between r; and the risk-free rate is small or zero, the HE modd “yields
some very confusing results’. They demongtrate the deficiencies of both the HE model and the
Chang and Shanker (1987) HE; model using numerical examples® Howard and D’ Antonio

(1987) advance an arguably superior model of hedge effectiveness, HBS, as follows:

(+d,Ss-15)
S

S

HBS = (4)

where the parameters are as defined previoudly.

Lindahl (1991) criticises the measures of Howard and D’ Antonio (1984, 1987) and Chang and
Shanker (1987) as having “serious drawbacks’. Lindahl (1991) states that the HE; and HBS
measures cannot be used to evaluate the effectiveness of stock index futures hedges because

the measures decrease as basis risk approaches zero, and at the limit, g, = gs and both HE; and

® Kuo and Chen (1995) and Satyanarayan (1998) provide further criticisms and simplifications of the
derivations of the Howard and D’ Antonio (1984, 1987) models.
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HBS equal zero. She suggests a new measure, based on the idea that when stock index futures

are priced in equilibrium, fully hedged portfolios earn the risk free rate of return.

Other models of hedging effectiveness have been advanced including Pennings and Meulenberg
(1997) and Gjerde (1987). For instance, Gjerde (1987) presents two measures of hedge
effectiveness, including a risk-return measure based on linear mean-variance preferences, which
incorporates transaction costs and margins. Pennings and Meulenberg’s (1997) measure focuses
on the “hedging service” of the futures contract rather than the performance of the hedged

portfolio.

Detalled commentary on the relative empirica merits of different measures is scarce. In
empirical work, a single measure of hedging effectiveness is generally selected. Benet and Luft
(1995) provide an exception, athough they apply measures shown to be flawed, including
Howard and D’Antonio (1984), rather than the most recent versions HBS). Moreover, the
Lindahl (1991) measure has not been applied empiricaly or compared with other measures.
Given the lack of evidence on this topic, this paper seeks to examine the impact of the selection

of effectiveness measure on the assessment of a hedge.

3 Research Method

3.1 Hedge Models

Firgt, we define the return on a hedged portfolio as follows:

R= (31' So)' h-(f1' fo)
S

©)

where
R = return on hedged portfolio
So = spot price at end of time 0
fo = futures price at end of time 0
S1 = spot price at end of time 1
f, = futures price at end of time 1
h = hedgeratio
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There are a variety of methods available to caculate hedge ratios. As Castelino (1992, p.188)
observes, there is a “distinct bias in favour of regression analysis’. The most simple technique is
the price levels regression, as follows:

S =a+h.F +e (©)
where

S = spot price at timet

F¢ = futures price a time t

b = hedgeratio
Engle and Granger (1987) advance a method for determining whether time series are
cointegrated. If cointegration is detected, an error correction model can be used to cater for both
short run and long run impacts. An error correction model should produce hedge ratios which
exhibit superior effectiveness, relative to ratios produced by traditional regresson models, as the

former is designed to improve the specification of the latter models. The optimal hedge ratio

from an error correction model is the coefficient b from the following equation:
DS =au_, +bh.DF, + d,DF_, +Qf DS_, +e )
i=1 iz

where
DS, = changein spot price at time't
DF, = changesin futures price at time t
b = hedgeratio
DF,_; = lagged futures terms

DS, ; = lagged spot terms
U; = residuals from the regression of spot and futures levels

Theresiduas, u;, are collected from the price levels regression in equation (6) above, and used

as inputs in the error correction model.

Broadly, there are two methods used to assess the effectiveness of a hedge ratio - in-sample and
out-of-sample tests. As observed by de Jong et a (1997), most empirical studies on hedging

utilise in-sample test procedures, which are based on the assumption that hedging effectiveness

1



can be measured using the same data relied on in the calculation of the hedge ratio. This
assumption is highly questionable, given that practitioners do not have the luxury of waiting until
the end of the hedge period to determine the most effective hedging technique. Moreover, such a

technique invokes criticisms of data-mining.

In contrast, out-of-sample tests provide a more realistic means to assess hedge effectiveness.
Out-of -sample tests entail the assessment of the hedge ratio in a period of time subsequent to the
estimation period, namely the hedge period. The first period of data is used to caculate the
hedge ratio, which is then assessed using the second period of data. All measures of hedging

effectiveness in this paper are employed using out-of-sample data.

3.2 Standard Deviation Method
The most basic measure of hedge effectiveness is the reduction in portfolio standard deviation

associated with the hedge, caculated as follows:

s =J%§(R- ER)? ®

where
s , = portfolio standard deviation

R =return on asset i
E(R) = expected return on asset i
n = number of obsarvations

The greater the reduction in risk, as measured by the difference in the standard deviations of the

unhedged and hedged portfolios, the greater the effectiveness of the hedge.



3.3 Howard and D’ Antonio’s (1987) Method

Howard and D’ Antonio's (1987) refined measure of hedging effectivenessis:

_(+9,5,-1)
S

S

HBS

©)

where
I = risk-free rate
O = Sharpe ratio for hedged portfolio
S s = standard deviation of unhedged spot portfolio
I's = return on unhedged spot portfolio

Through the rearrangement of equation (9), it can be shown that the HBS is smply the
difference between the Sharpe Ratios for the hedged and unhedged portfolios. The advantage of

the HBS measure is that it encapsulates both risk and return in asingle figure.

A negative value for the HBS measure indicates that the excess return per unit of risk for the
unhedged portfolio exceeds that of the hedged portfolio. In that case, the mean-variance investor
should elect not to hedge. A HBS vaue of zero indicates that the hedged and unhedged
portfolios are associated with identical excess returns per unit of risk, meaning that the investor
is indifferent to the hedge. However, the investor should not hedge in this case because they
would incur transactions costs without receiving any benefits. A positive value of HBS indicates
that the hedged portfolio outperforms the unhedged portfolio on the basis of excess return per
unit of risk. Therefore, the HBS measure must be positive before the mean-variance investor
receives any benefit from the hedge. Superior performance among different hedged portfolios is

indicated by the highest relative HBS measure.
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34 Lindahl’s (1991) Method
As with the Howard and D’ Antonio method, Lindahl’s (1991) method takes into account aspects
of both risk and return. Lindahl’s (1991) measure can be stated as follows:

Lindahl’s (1991) mean:
14 ,
ML:Ha(Rh' ') (10)

j=1
Lindahl’s (1991) standard deviation:

s :\/%a (R~ 1)- ER, - )’ W

where
M, = Mean of the difference between the return on the hedged portfolio and the risk-
free rate of return
S | = Variance of the difference between the return on the hedged portfolio and the
risk-free rate of return
R, = return on the fully hedged portfolio in time period t
i = risk-free rate for time period t
N = number of obsarvations

In Lindahl’s (1991, p.407) words, “the closer M is to zero and the smaller the s, the more

effective the hedge’.

4 DATA

4.1 Sample and Data Sources

This paper uses the Australian equity market as the basis for the case study. The spot market is
proxied by the Australian All Ordinaries Share Price Index (AOIl) while the hedge instrument is
the All Ordinaries Share Price Index Futures contract (SPI). Daily data are used over the period

17 July 1990 to 9 June 1999.%°

Both the Howard and D’ Antonio (1987) and the Lindahl (1991) measures require the risk-free

rate of return. Australian interbank rates of interest are employed in this study. Because the

19 Data on the AOI were obtained from Datastream while data on the SPI were taken from the Sydney
Futures Exchange website
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interbank rates are available weekly, monthly, three monthly, six monthly and yearly, close
matching of the risk-free interest rate and the hedge period is achieved. Further, interbank rates
are drawn from a liquid market, athough there is a smal premium applied to these rates

compared to the Australian Three Month Treasury Bill.**

Outliers in the data were identified and cross-checked against data provided by the Australian
Financial Review. It is assumed that futures roll-over occurs five trading days prior to expiry,
where expiry is defined as the date of settlement, which occurs two business days subsequent to
the last day of trading. In collecting data, a trading day is defined as one on which floor trading
occurs at the Sydney Futures Exchange.? The futures price level on any day is defined as the
natural logarithm of the last traded SPI floor price on that day. Similarly, the spot level is the
natura logarithm of the daily closing AQOI value. Price changes are taken as the difference in the

natura logarithm of the daily last price across successive days.

4.2 Descriptive Statistics

Descriptive statistics for the All Ordinaries Share Price Index and the All Ordinaries Share Price
Index Futures contract are provided in Table 1. In addition, descriptive statistics are presented
for the proxies of the risk-free rate of interest, specificaly the Fweek, Emonth, 3month, 6
month and 1-year interbank interest rates.

INSERT TABLE ONE

The dtatistics indicate that the AOI data and the SPI futures data do not conform to normality.
The interest rates are also non-norma and fluctuate over the sample period within a range of

nominal rates from 4.17% to 10.7%.

" The selection of interbank ratesis discussed in more detail in Section 5.3.
2 Given that this paper focuses on hedging activity with matched futures and spot data, controlling for
day-of-the-week effectsis not of interest.
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4.3 Cointegration Tests

The method of Engle and Granger (1987) is employed to test for cointegration between the
futures and spot series. Firdt, the augmented Dickey-Fuller (ADF) test for unit roots is applied to
determine whether the variables are stationary. The results indicate that each price level seriesis
non-stationary, but that first differences are stationary. Specifically, the ADF test provides
vaues of —3.62 and —3.52 for the AOI and SPI series respectively, with both values violating the
1% critical value of —3.96."% The ADF tests on first differences have values of —7.07 and —7.54
for the spot and futures series respectively. Thus, the first condition for cointegration is

established, namely the existence of an I(1) relationship in each of the futures and spot series.

Second, application of the Augmented Dickey-Fuller test to the residuals from the regression
between the natura logs of the futures and spot indicates that the series are cointegrated
Specificaly, the ADF test provides a satistic of —5.45, which is smaller than the critical value of

—4.32." Based on these results, an error correction model is used to calculate hedge ratios.

5 RESULTSAND ANALYSIS

5.1  Hedge Ratio Estimation™

A representative example of the hedge ratiosis presented in Table 2 and is used in the following
discussion. The table contains the hedge ratios estimated over eight different time periods, and
descriptive statistics accompanying each hedge ratio.

INSERT TABLE 2

In short, results from the error correction model appear to comply with the assumptions of OLS

regression. The R-sguare statistics are high, indicating good model fit, consstent with prior

13 Critical values are obtained from Davidson and MacKinnon (1993).
¥ The finding of cointegration between the spot and futures series is not surprising. Previous empirical
evidence, such as Stoll and Whaley (1990), indicates a close link between the futures and spot markets.
Further, Ghosh (1993a, 1993b), Wahab and Lashgari (1993), Pizzi, Economopoulos and O’ Neill (1998), and
Lien and Luo (1993) find that the S& P 500 index and futures markets are cointegrated.
> Complete results for hedge ratios and accompanying descriptive statistics are available from the contact
author on request.
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empirica evidence (Ghosh (1993b)). Given the Jarque-Bera asymptotic LM Normality statistics,
it is not possible to rgect normality of the residuals. Heteroscedasticity is not evident in the
residuals associated with the error correction model, providing empirical support for the selection
of the error correction models of hedge ratio estimation for this data set, as opposed to the

GARCH models advocated by Kroner and Sultan (1993) and Park and Switzer (1995).

5.2 Effectiveness of Hedge Ratios
In this section, the impact of changes in estimation period on hedge effectiveness is examined
using the different measures of effectiveness.'® Further results are examined to determine if the

results are consistent between long- and short-term hedges.

Results using the Markowitz (1959) portfolio standard deviation measure of effectiveness, the
Howard and D’Antonio (1987) HBS measure, the Lindahl (1991) mean and Lindahl (1991)
standard deviation measures are presented in Table 3. The negativity of the HBS and Lindahl
mean results is discussed in detail in a subsequent section. The rankings derived from the results
in Table 3 are provided below, in Table 4. The rankings are averaged across the test periods and
an overdl ranking is provided in the last row of Table 4.

INSERT TABLES3 AND 4

The portfolio standard deviation measure indicates that, on average, the most effective hedge
ratios are produced using longer estimation periods such that the most effective hedges are
obtained using 240 days, 120 days and 60 days, in that order. The HBS measure of Howard and
D’ Antonio (1987) indicates the reverse, as does the Lindahl mean. That is, the most effective
hedge ratios are produced using shorter estimation periods. The Lindahl standard deviation

indicates that the most effective estimation period is 120 days, followed by 240 days, then 60

16 As a precursor to the examination of the impact of estimation period on hedge effectiveness, the impact
of the estimation period on the hedge ratio levels was examined (results not reported). The hedge ratios
generally increase as the estimation period increases, suggesting that the estimation period may influence
hedge effectiveness.
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days. Thus, the introduction of the consideration of returns into the evaluation of hedge
effectiveness using the HBS measure reverses the rankings obtained by considering only risk.
The rankings produced by the Lindahl mean provide additional support for attributing the reversal
in ranks to the consideration of returns, given the mathematical relationship between the HBS
and Lindahl mean caculations. The Lindahl standard deviation and the ordinary standard
deviation of the portfolio produce smilar but not identica rankings, indicating that the introduction
of the risk-free rate in the Lindahl measure dters the assessment of the risk alone in hedging to

some extent.

The key result from Tables 3 and 4 is that the various hedge effectiveness measures produce
different results across different estimation periods. Hence, reliance upon one measure alone

may lead to a different conclusion in ng the hedge.

As standard deviation increases, meartvariance investors require greater returns to compensate
for increased risk. Thus, it is expected that an inverse relationship will exist between the rankings
obtained using the Lindahl mean and Lindahl standard deviation measures. This is generaly
supported by the results above, in that the lowest ranking Lindahl standard deviation is associated
with the highest ranking Lindahl mean results. According to Lindahl (1991), these two measures
are to be read together, to arrive at an overal conclusion as to hedge effectiveness. However, it
is impossible to obtain an overal ranking using both measures unless either risk or return is

accorded priority. Thisis an inherent flaw in the Lindahl (1991) measure.

Tables 3 and 4 assess the hedge of a relatively long out-of -sample hedge period of 240 days. To
examine the sengitivity of these results to a short-term hedge period, Table 5 presents the
rankings from out-of -sample hedge periods of 5 days. Again the impact of varying the estimation

period is apparent with resultant different rankings across the measures. The Markowitz
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standard deviation measure indicates that the 240 day estimation period produces the hedge ratio
which results in a hedged portfolio with the least risk. The second-best risk reducing hedge ratio
is obtained using the estimation period of 120 days, and the third-best hedge is obtained using an
estimation period of 60 days. This is consistent with the longer hedge period rankings in Table 4.
As expected, the Lindahl standard deviation measure produces rankings that are identical to
those associated with the Markowitz standard deviation measure. The HBS rankings are aso
consistent between the long and short hedge periods. However, a further problem emerges from
this analysis. The Lindahl mean measure produces the same ranking as the Lindahl standard
deviation measure, which suggests that risk is decreasing as return is increasing, contrary to
expectations.

INSERT TABLE 5

In summary, both the estimation period and hedge period impact on the hedge effectiveness
rankings. Thus, the measurement of hedge effectiveness using the Markowitz portfolio standard
deviation measure, the Howard and D’ Antonio (1987) HBS measure, or the Lindahl (1991)

measure will ater the relative rankings of hedges.

Of the measures which incorporate both risk and return, the HBS measure of Howard and
D’Antonio (1987) is preferred to the dual-pronged measure of Lindahl (1991) because the
Lindahl mean and standard deviation measures produce inconsistent rankings and introduce the
additiond difficulty of formulating an appropriate decison rule to arrive a a single ranking.
Further, despite the commentary provided by Lindahl (1991), her measure takes into account the
same factors addressed by the HBS measure. The Lindahl mean is smply the Sharpe ratio on
which HBS is based, altered to remove the standard deviation, which is taken into account in
Lindahl’s second measure. The advantage of the HBS measure is that it synthesises information
on risk and return into a single measure, facilitating easy ranking. However, the application of the

HBS measure is dso subject to difficulties, as discussed below.
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5.3 The Risk Free Rate and the Decision to Hedge

Howard and D’ Antonio (1987, p.378) comment that “the market participant on which we are
focusing will no doubt be risk-averse. Since the spot asset is risky and since the participant is risk
averse, it is very unlikely that he (sic) will be interested in holding an asset with a negative risk
premium (i.e, s - i < 0)”. This comment is problematic in practice as demonstrated below. A
striking feature of the results of HBS and the Lindahl mean measures is their consistent negative
return over the tenyear period of study. This occurs because the risk free rate exceeds the
rates of return on both the hedged and unhedged portfolios. Thus, the data indicate that the
Stuation described is of practical importance. For instance, an examination of a representative
sample of results using the Howard and D’ Antonio (1987) HBS measure provided in Table 6
illustrates that the return on both the spot and the hedged portfolios fall below therisk free ratein
a large number of cases. This is not attributable to the selection of the risk free proxy as the
premium on the Interbank rate over the 3Month Treasury Bill was very smal over the sample

period.’

Table 6 indicates whether the hedged portfolio “outperforms’ the unhedged portfolio, according
to the HBS measure. Specificaly, if the hedged portfolio outperforms the unhedged portfolio, the
HBS measure is positive, and the investor is advantaged by the hedge. If the HBS measure is
negative, the unhedged portfolio “outperforms’ the hedged portfolio, and the hedge
disadvantages the investor. From Table 6, in all cases but one, the hedge was disadvantageous.

INSERT TABLE 6

Y The average of the difference in daily effective Interbank rates (each of the 1-week, 1-month, 3-month, 6-
month and 1-year rates) and the daily effective 3-month Treasury Bill rate was calculated over the sample
period. To provide dearer intuition, the results were then annualised by multiplying by 252, which is the
average number of trading days in one year over the sample. The largest annual mean difference between
Interbank and 3-month Treasury Bill rates was only 0.32%, associated with the 1-year Interbank rate (the
mean daily difference between the 1-year Interbank rate and the Treasury Bill rate was 0.0013%).
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In short, the mean-variance investor will choose not to hedge when the HBS measure is
negative. This is of particular concern given the negativity of the mgjority of results using the
HBS measure. According to the HBS results, the investor should not have hedged over the ten
years investigated here. However, this is dearly inconsistent with market practice. The Sydney
Futures Exchange observes that the ratio of open interest to volume in the SPI contract provides
strong evidence that trading in the contract is primarily driven by hedgers. Indeed, the Sydney
Futures Exchange promotes this contract as exhibiting one of the highest ratios of open interest
to volume relative to all the mgor stock indices around the world. That hedgers form a large
proportion of those participating in the market for that contract is hardly surprising given that the

contract was created with a view to satisfying the need of hedgers to manage price risk.

Given that the trading redlity reveds that hedging is occurring over the period of study, despite
the results provided by HBS measure indicating that hedging should not occur, and assuming that
investors are rational, one conclusion is that the HBS measure is flawed. In particular, the
measure fails to capture important aspects of hedging behaviour and effectiveness, other than
the pure hedge component of the demand for futures. Other reasons for the decision to hedge,
discussed briefly earlier include the costs of financia distress, taxation considerations, industry
practices, agency costs and managerial compensation contracts which may induce managers to
make “sub-optima” hedges. A less plausible explanation may be lack of understanding on the
part of hedgers, as perhaps in cases such as Metallgesellschaft (Edwards and Canter (1995),
Culp and Miller (1995), Pirrong (1997)). A find explanation is of course that the underlying
hedge models used here are imperfect themselves. However, this research is inevitably one that

involves the "joint test" problem.
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6 CONCLUSION

This study compares measures of hedging effectiveness in the context of hedging market risk
using the Australian All Ordinaries Share Price Index Futures contract. The framework applied
in the study of the hedging component of demand for futures contracts is the mean-variance

portfolio theory of Markowitz (1959).

The results revea that the assessment of hedge effectiveness alters, depending on the measure
employed. The rankings produced by the various measures are sengitive to both the length of the
estimation period and the test period. This finding occurs despite the fact that each measure falls
within the Markowitz (1959) mean-variance framework. Specifically, the relative ranking of the
hedges is affected by the selection of the reduction in portfolio standard deviation measure of
effectiveness, the Howard and D’ Antonio (1987) HBS mesasure, or the Lindahl (1991) measure.
This is an important finding for practitioners who need to consider hedge effectiveness when

assessing hedge performance.

Further, evidence is provided that the theoreticaly appealing measures of Howard and
D’ Antonio (1987) and Lindahl (1991) suffer from flaws on empirical application. The empirica
gpplication of the Lindahl (1991) measure has not been attempted previoudy. Similarly, while the
earlier model of Howard and D’ Antonio (1984) has been applied by Benet and Luft (1995), the
Howard and D’ Antonio (1987) mode has not been employed empirically. Therefore, the results

should be of considerable interest.

The analysisin this paper suggests several avenues for further research. One such avenue is the
development of a new measure of effectiveness that overcomes the problems associated with
existing measures. More complex measures of effectiveness, such as Gjerde's (1987) measure,

which incorporates transactions costs and margin cals, were not examined here, but may



provide aternatives. For instance, a measure could be designed that incorporates taxes in
addition to transactions costs. Alternatively, a satisfactory method of reconciling the ranks
produced by the two prongs of the Lindahl (1991) measure into a single overal rank would be
useful. Alternative hedging frameworks such as the Mean-Gini framework warrant further
research. In particular, the operationalisation of Mean-Gini theory requires considerable work,
which may be justified to the extent that the theory avoids some difficulties associated with the

mean-variance framework.
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Tablel
Descriptive Statistics for Daily All Ordinaries Share Price Index Levels and Changes, Daily All Ordinaries Share Price Index Futures Levelsand
Changes, and Daily Nominal Interbank Interest Rates

Standard Excess Durbin

Mean Median Deviation Skewness Kurtosis Maximum Minimum Watson

AOI Level, S 2073.32 2074.1 465.36 0.1799 -1.0182 3145.2 1204.52 0.0015
Spot Level, Ln(S) 7.6112 7.6373 0.2287 -0.1350 -1.0670 8.0536 7.0938 0.0013
Change, Ln(S) 0.0003 0.0003 0.0083 -0.2817 4.7886 0.0607 -0.0745 1.8477

SPI Level, F 2081.6 2081 467.06 0.1759 -1.0216 3153 1190 0.0023
Futures |Level, Ln(F) 7.6151 7.6406 0.2287 -0.1387 -1.0663 8.0561 7.0817 0.0021
Change, Ln(F) 0.0001 0.0000 0.0104 -0.0044 2.7721 0.0733 -0.0648 2.0579

Interbank |1 Week Rate 6.19 5.80 1.41 0.94 0.40 10.70 419 0.003
Rates 1 Month Rate 6.20 5.85 1.38 0.93 0.37 10.62 473 0.002
3 Month Rate 6.21 5.85 1.38 0.84 -0.01 10.52 4.60 0.002

6 Month Rate 6.26 5.92 1.42 0.80 -0.22 10.43 457 0.002

1 Year Rate 6.45 6.23 1.46 0.73 -0.32 10.47 417 0.005

The standard deviation of the coefficients of skewness of the AOI (spot) datais0.0517 in all cases. The standard deviation of the coefficients of excess kurtosis of the AOI (spot) data
is0.1033 in dl cases. Roll-over from the nearest futures contract into the contract with second-nearest maturity is taken to occur 5 days prior to expiry of the nearest futures contract.
The standard deviation of the coefficients of skewness of the SPI futures datais 0.0517 in all cases, and for each roll-over. The standard deviation of the coefficients of excess kurtosis
of the SPI futures data is 0.1033 in all cases, and for each roll-over database. The number of data points examined in both the futures and spot seriesis 2243, collected over the period
17 July 1990 to 9 June 1999. The standard deviation of the coefficients of skewness of each Australian Interbank rate series is 0.0547, in all cases. The standard deviation of the
coefficients of excess kurtosis of each Interbank rate seriesis 0.1093, in all cases.
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Table?2
Hedge Ratios and Accompanying Descriptive Statistics, Calculated using the Error
Correction M odel

Test Test Test Test Test Test Test Test
Period Period Period Period Period Period Period Period
1 2 3 4 5 6 7 8
Start Date| 04/04/91 | 03/04/92| 02/04/93 | 06/04/94 | 04/04/95 | 02/04/96 | 04/04/97 | 03/04/98
End Date| 28/06/91 [ 30/06/92| 30/06/93 | 30/06/94| 30/06/95 | 28/06/96 | 30/06/97| 30/06/98
Hedge Ratio 0.7661 | 0.5942 | 0.6085 | 0.6305 | 0.6493 | 0.6553 | 0.7123 | 0.7165
(t ratio) (21.89) | (17.63) | (19.90) | (18.26) | (16.68) | (22.52) | (17.44) | (24.21)
EC statistic -0.1655 | -0.0223 | -0.1034 | -0.5140 | -0.3095 | -0.3397 | -0.0108 | -0.4954
(t-ratio) (-3.07) (-3.49) | (-1.45) (-3.33) | (-3.05) (-4.39) (-0.08) | (-3.16)
R-square 0.8879 | 0.9136 | 0.9011 | 0.9011 | 0.8999 | 0.9048 | 0.8599 | 0.9224
Skewness -0.3191 | 0.2239 | -0.2006 | 0.1593 0.063 | -0.2094 | 0.2417 | -0.6113
Excess 0.2209 | -0.1687 | -0.5663 | -0.3477 | 1.2434 | -0.2299 | -0.8161 | 0.2547
Kurtosis

Durbin Watson| 2.0483 | 1.9741 | 1.9435 | 1.9195 1.899 1.871 1.8877 | 1.8923
(p-value) (0.494) | (0.386) | (0.353) | (0.320) | (0.307) | (0.307) | (0.325) | (0.332)
Jarque-Bera ¢’| 0.9030 | 0.5906 | 1.2389 0.632 2.4469 0.61 2.166 3.276
(p-value) (0.637) | (0.744) | (0.538) | (0.729) | (0.294) | (0.737) | (0.339) | (0.194)
ARCH c? 0.013 1.088 0.099 0.128 0.056 0.159 1.948 0.007
(p-value) (0.908) | (0.297) | (0.754) | (0.720) | (0.813) | (0.690) | (0.163) | (0.932)

Hedge ratios are calculated over estimation periods of 60 days, assuming that futures roll-over occurs 5
days prior to expiry of the nearest futures contract. Results are estimated over eight distinct time periods,
namely “Test Periods’ 1to 8. All hedge ratios are statistically significant at the 1% level. The ARCH testis
associated with 1 degree of freedom. The Jarque-Beratest is associated with 2 degrees of freedom.
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Table 3
Comparison of the Standard Deviations of Daily Returns on Hedged and Unhedged Portfolios, the Howard and D’ Antonio (1987) HBS M easur e and
the Lindahl (1991) M ean and Standard Deviation M easur es of Effectiveness of Hedge Ratios Across Different Estimation Period Lengths

Estimation Period Hedge Period Unhedged Hedged Reduction | Howard & Lindahl
Test | Estimation Start End Start End Portfolio Hedge Portfolio in Portfolio | D'Antonio | Lindahl Standard
Period Period Date Date Date Date Std Dev Ratio  Std Dev Std Dev HBS Mean Deviation
1 60 days 4/04/91 28/06/91 1/07/91 10/06/92 0.00101 0.7661  0.00045 0.00056 -0.3820 -0.0710 0.1269
2 3/04/92 30/06/92 1/07/92 16/06/93 0.00106 0.5942  0.00050 0.00056 -0.2362 -0.0535 0.1334
3 2/04/93 30/06/93 1/07/93 16/06/94 0.00113 0.6085 0.00054 0.00059 -0.1935 -0.0394 0.1421
4 6/04/94 30/06/94 1/07/94 15/06/95 0.00099 0.6305 0.00044 0.00055 -0.4133 -0.0820 0.1217
5 4/04/95 30/06/95 | 3/07/95 13/06/96 0.00085 0.6493  0.00033 0.00052 -0.4538 -0.0652 0.1003
6 2/04/96 28/06/96 1/07/96 11/06/97 0.00091 0.6553  0.00032 0.00059 -0.4728 -0.0536 0.0887
7 4/04/97 30/06/97 1/07/97 10/06/98 0.00137 0.7123  0.00048 0.00089 -0.2295 -0.0476 0.1259
8 3/04/98 30/06/98 1/07/98 9/06/99 0.00116 0.7165 0.00043 0.00073 -0.2549 -0.0400 0.1154
1 120 days 7/01/91 28/06/91 1/07/91 10/06/92 0.00101 0.7250  0.00045 0.00056 -0.3796 -0.0707 0.1271
2 9/01/92 30/06/92 1/07/92 16/06/93 0.00106 0.6537  0.00049 0.00057 -0.2482 -0.0537 0.1309
3 7/01/93 30/06/93 1/07/93 16/06/94 0.00113 0.6591  0.00052 0.00061 -0.2083 -0.0404 0.1395
4 7/01/94 30/06/94 1/07/94 15/06/95 0.00099 0.6656  0.00043 0.00056 -0.4232 -0.0819 0.1206
5 9/01/95 30/06/95 | 3/07/95 13/06/96 0.00085 0.6813  0.00035 0.0005 -0.4589 -0.0653 0.0998
6 8/01/96 28/06/96 1/07/96 11/06/97 0.00091 0.6919  0.00031 0.0006 -0.5062 -0.0543 0.0858
7 7/01/97 30/06/97 1/07/97 10/06/98 0.00137 0.7227  0.00048 0.00089 -0.2325 -0.0475 0.1248
8 8/01/98 30/06/98 1/07/98 9/06/99 0.00116 0.7453  0.00043 0.00073 -0.2632 -0.0403 0.1139
1 240 days 17/07/90 28/06/91 1/07/91 10/06/92 0.00101 0.6966  0.00045 0.00056 -0.3735 -0.0704 0.1280
2 19/07/91 30/06/92 1/07/92 16/06/93 0.00106 0.7582  0.00050 0.00056 -0.2400 -0.0542 0.1344
3 15/07/92 30/06/93 1/07/93 16/06/94 0.00113 0.6689  0.00052 0.00061 -0.2106 -0.0406 0.1393
4 15/07/93 30/06/94 1/07/94 15/06/95 0.00099 0.6902  0.00043 0.00056 -0.4252 -0.0819 0.1204
5 18/07/94 30/06/95 | 3/07/95 13/06/96 0.00085 0.6902  0.00035 0.00050 -0.4589 -0.0654 0.0998
6 18/07/95 28/06/96 1/07/96 11/06/97 0.00091 0.6870  0.00031 0.00060 -0.5023 -0.0542 0.0861
7 18/07/96 30/06/97 1/07/97 10/06/98 0.00137 0.7515 0.00047 0.00090 -0.2387 -0.0472 0.1222
8 21/07/97 30/06/98 1/07/98 9/06/99 0.00116 0.8060  0.00042 0.00074 -0.2705 -0.0410 0.1136

The hedge ratios are calcul ated over estimation periods of 60, 120 and 240 days, applying the error correction model, as specified in equation (7). It is assumed that roll-over occurs 5
daysto expiry of the nearest futures contract. The effectiveness of the hedge is determined over hedge periods of 240 days.
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Table4

Rankings of Hedges Using the Reduction in Portfolio Standard Deviation Measure, the Howard and D’ Antonio’s (1987) HBS Effectiveness
Measure, Lindahl’s (1991) Mean and Standard Deviation Effectiveness M easur e Acr oss Different Estimation Period Lengths

Portfolio Standard Deviation HBS Lindahl Mean Lindahl Standard Deviation
Hedge Period Estimation Period Estimation Period Estimation Period Estimation Period

Test Start End 60 120 240 60 120 240 60 120 240 60 120 240

Period Date Date days days days days Days days days days Days days days days
1 1/07/91  10/06/92 1 1 1 3 2 1 3 2 1 1 2 3
2 1/07/92  16/06/93 2 1 2 1 3 2 1 2 3 2 1 3
3 1/07/93  16/06/94 3 1 1 1 2 3 1 2 3 3 2 1
4 1/07/94  15/06/95 3 1 1 1 2 3 3 2 1 3 2 1
5 3/07/95  13/06/96 1 2 2 1 2 2 1 2 3 3 1 2
6 1/07/96  11/06/97 3 1 1 1 3 2 1 3 2 3 1 2
7 1/07/97  10/06/98 2 2 1 1 2 3 3 2 1 3 2 1
8 1/07/98  9/06/99 2 2 1 1 2 3 1 2 3 3 2 1
Average Ranking 2.1 1.4 1.3 1.3 2.3 2.4 1.8 2.1 2.1 2.6 1.6 1.8
Overall Ranking 3 2 1 1 2 3 1 2 2 3 1 2

The hedge ratios are calculated over estimation periods of 60, 120 and 240 days, applying the error correction model, as defined in equation (7). Portfolio Standard Deviation
Effectivenessis calculated as the reduction in the standard deviation of daily portfolio returns achieved by the implementation of the hedge. All effectiveness measures are calculated
over hedge periods of 240 days. Hedge ratios are calculated by applying the error correction model, and assuming that roll-over occurs 5 days before expiry of the nearest futures
contract. Estimation periods are defined abovein Table 3.
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Table5

Rankings of Hedges Using the Portfolio Standard Deviation Measure, the Howard and D’ Antonio’s (1987) HBS Effectiveness M easur e, the Lindahl

(1991) Mean and Standard Deviation M easur es of Effectiveness, over Hedge Periods of 5 days

Portfolio Standard Deviation HBS Lindahl Mean Lindahl Standard Deviation
Hedge Period Estimation Period Estimation Period Estimation Period Estimation Period
Test Start End 60 120 240 60 120 240 60 120 240 60 120 240
Period Date Date days Days days Days days days days days days days days days
1 1/07/91 5/07/91 3 1 1 3 2 1 3 2 1 3 2 1
2 1/07/92 7/07/92 2 2 1 1 2 3 1 2 3 2 1 3
3 1/07/93 7/07/93 3 2 1 3 2 1 3 2 1 3 2 1
4 1/07/94  7/07/94 3 2 1 1 2 3 3 2 1 3 2 1
5 3/07/95 7/07/95 1 2 2 1 3 2 1 2 3 3 2 1
6 1/07/96 5/07/96 1 2 2 3 1 2 3 1 2 1 3 2
7 1/07/97 7/07/197 2 2 1 1 2 3 3 2 1 3 2 1
8 1/07/98 7/07/98 1 2 3 1 2 3 3 1 2 1 2 3
Average Ranking 2 1.9 1.5 1.8 2 2.3 2.5 1.8 1.8 2.4 2 1.6
Overall Ranking 3 2 1 1 2 3 3 1 1 3 2 1

The hedge ratios are calculated over estimation periods of 60, 120 and 240 days, applying the error correction model, as specified in equation (7). It is assumed that roll-over occurs 5
daysto expiry of the nearest futures contract. Estimation periods are as defined in Table 3.
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Table 6
Determination of Whether Hedged Portfolios Provide Superior Performance to Unhedged
Portfolios over Hedge Periods of 5 days and 240 days

Hedged | Unhedged Hedged
Portfolio | Portfolio Portfolio

Hedge Test Daily Daily Risk-free | rg>i | rp>i HBS outperforms

Period Period | Return, ry, | Return,rg Rate, i Unhedged?
5 1 0.00023 | 0.00054 | 0.00039 | y n -0.2920 n
days 2 0.00023 | 0.00026 | 0.00024 | y n -0.0611 n
3 0.00036 | 0.00053 | 0.00020 | y y 0.0430 y
4 -0.00025 | -0.00036 | 0.00018 | n n -0.3748 n
5 -0.00003 | 0.00037 | 0.00028 | vy n -1.6585 n
6 -0.00006 | -0.00013 | 0.00028 | n n -0.7173 n
7 -0.00001 | -0.00010 | 0.00021 | n n -0.1636 n
8 0.00015 | 0.00094 | 0.00019 | y n -1.0143 n
240 1 0.00003 | 0.00006 | 0.00031 | n n -0.3735 n
days 2 0.00002 | 0.00003 | 0.00023 | n n -0.2400 n
3 0.00004 | 0.00009 | 0.00020 [ n n -0.2106 n
4 -0.00001 | -0.00001 | 0.00032 | n n -0.4252 n
5 0.00003 | 0.00005 | 0.00029 [ n n -0.4589 n
6 0.00003 | 0.00008 | 0.00025 | n n -0.5023 n
7 0.00001 | -0.00003 | 0.00019 | n n -0.2387 n
8 0.00003 | 0.00006 | 0.00019 | n n -0.2705 n

The hedge ratios are calculated over the estimation period of 240 days, using the error correction model as
defined in equation (7), assuming a roll-over of 5 daysto maturity. The 240 day estimation periods are defined
in Table 3. The 5 day hedge periods are defined in Table 5. The 240 day hedge periods are defined in Table 4.
HBS refers to the Howard and D’ Antonio (1987) measure of effectiveness. If the HBSis positive, the hedged
portfolio “outperforms” the unhedged portfolio, given the risk-return trade-off. If the HBS measure is zero, the
hedged and unhedged portfolios perform equally. If HBSis negative, the unhedged portfolio outperformsthe
hedged portfolio and the investor is disadvantaged by the hedge.
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