FutureEsS HEDGING WHEN
THE STRUCTURE OF THE
UNDERLYING ASSET
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This article is concerned with the hedging effectiveness of futures
contracts whose underlying asset is an index, when the structure of
this index is changing. The case of the freight futures (BIFFEX) con-
tract is examined here. Investigation of this issue is particularly in-
teresting as the composition of its underlying asset, the Baltic Freight
Index (BFI), has been revised on a number of occasions in order to
improve the hedging performance of the market; previous empirical
evidence on the market indicates substantially lower variance reduc-
tion (4—19%), compared to other markets (up to 98%). The BFl is a
weighted average dry-cargo freight rate index, compiled from actual
freight rates on 11 shipping routes that are dissimilar in terms of
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vessel sizes and transported commodities. The hedging effectiveness
of the market is investigated using both constant and time-varying
hedge ratios, estimated through bivariate error correction GARCH
models. Our results indicate that the effectiveness of the BIFFEX
contract as a centre for risk management has strengthened over the
recent years as a result of the more homogeneous composition of the
index. This by itself indicates that the latest restructuring of the index,
in November 1999, which is aimed at increasing its homogeneity even
further, is likely to have a beneficial impact on the market. © 2000
John Wiley & Sons, Inc. Jrl Fut Mark 20:775-801, 2000.

INTRODUCTION

One of the major benefits futures markets provide to economic agents is
the ability to control the risk of adverse price changes in the spot market
through hedging.' Hedging involves taking a position in the futures mar-
ket, which is opposite to the position that one already has in the spot
market. To achieve this, the hedger determines a hedge ratio, i.e., the
number of futures contracts to buy or sell for each unit of the spot asset
on which he bears price risk. The issue of estimating hedge ratios and
assessing the effectiveness of futures hedges has been the focus of con-
siderable empirical research in the literature. Initially, hedge ratios were
calculated as the slope coefficient from a regression of futures price
changes on spot price changes (Ederington, 1979). However, time-vary-
ing distributions of asset returns, imply that optimal, risk-minimising
hedge ratios should be time-varying (Kroner & Sultan, 1993). Such time-
varying hedge ratios are estimated for currencies by Kroner and Sultan
(1993), for interest rate futures by Gagnon and Lypny (1995), for com-
modity futures by Bera et al. (1997), and for stock indices by Park and
Switzer (1995) and Gagnon and Lypny (1997).

The aim of the creation, in 1985, of the Baltic International Freight
Futures Exchange (BIFFEX) was to provide a mechanism for hedging
freight rate risk in the dry-bulk sector of the shipping industry. On the
basis of their exposure to the risk of adverse movements in freight rates,
shipowners or charterers can sell or buy futures contracts representing
the expected future value of the Baltic Freight Index (BFI). The BFI, is
a weighted average index of 11 component routes, each reflecting regu-
larly traded movements in international dry-cargo shipping.

Besides its use as the underlying asset of the BIFFEX contract, the
BFl is also recognised by market practitioners in the shipping industry as

"The other benefit futures markets provide to economic agents is that of price discovery; see, e.g.,
Garbade and Silber (1983). For an investigation of the price discovery function of the BIFFEX
market. see Kavussanos and Nomikos (1999).
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FIGURE 1
Developments in the dry bulk market and the Baltic Freight Index (BFI), January 4,
1985-April 30, 1998.

the most reliable indicator of the condition in the dry-bulk shipping mar-
kets. Figure 1 presents the history of the BFI over the period January
1985—April 1998. Starting from an initial value of 1,000 on January 4,
1985, the index drifted down over a 2-year period as a result of the pro-
longed recession in the dry-bulk market. The BFI reached its all-time low
of 554 on July 31, 1986. Gray (1990) indicates that this represents the
lowest level to which the freight market can possibly go; in other words,
the level below which the freight rate revenue earned from a particular
voyage is not sufficient to cover the variable costs from the operation of
the vessel. From its low point in 1986, the BFI then increased steadily,
as the shipping markets were recovering from the recession, to a peak of
1,650 in April 1988. Thereafter, the index fluctuated between 1,780
points and 1,033 points for a period of almost 6 years, until April 1994.
From that point, freight rates strengthened significantly, primarily due to
increased grain shipments from South America, and the BFI reached its
all-time high of 2,352 in May 1995. This high level of freight rates, how-
ever, could not be sustained for long as increased deliveries of newly built
vessels—17.5 m dwt, the greatest ever level of deliveries, suppressed the
level of freight rates. As a result, the BFI dropped to 992 points in October
1996, its lowest point since 1987. The freight market has not recovered
since then and the BFI has fluctuated around the 1,000-point level.
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Unlike other markets, on which futures contracts are used as a direct
hedge against price fluctuations in the underlying asset, in the BIFFEX
market futures contracts are employed as a cross-hedge against freight
rate fluctuations on the individual shipping routes constituting the BFI.
As such, it carries the risk that fluctuations on these routes will not be
accurately tracked by the futures prices, thus reducing the effectiveness
of the contract as a hedging instrument. For instance, futures contracts
in different commodity and financial futures markets are effective in re-
ducing the variability of the spot position by as much as 98%; see Eder-
ington (1979) and Franckle (1980) for interest rate futures, Figlewski
(1984) and Lindahl (1992) for stock indices and Malliaris and Urrutia
(1991) for currencies. In contrast, Kavussanos and Nomikos (2000a) find
that the hedging effectiveness of the BIFFEX contract varies from 19.2%
to 4.0% across the different shipping routes that constitute the BFL.

The poor hedging performance of the contract is thought to be the
primary reason for the low trading activity evidenced in the market; the
daily trading volume averages only 150 contracts per day and open inter-
est is negligible for contracts beyond 6 months ahead. The London In-
ternational Financial Futures Exchange (LIFFE), the authority respon-
sible for regulating the BIFFEX contract, has attempted to address this
issue by altering the structure of the BFI on a number of occasions; first
by including time charter routes, in addition to spot freight routes,? then
by dropping from the index the handysize routes and, eventually, in No-
vember 1999, by removing the capesize routes too, leaving only the pan-
amax routes in the renamed, Baltic Panamax Index (BPI).3

The success of these structural changes in improving the hedging
effectiveness of the BIFFEX market is investigated in this article. Con-
stant and time-varying hedge ratios are estimated for different periods,
corresponding to revisions in the composition of the BFI, and their per-

2Spot charters and time charters are the two major vessel employment contracts in the shipping
industry. In a spot charter, a shipowner undertakes the responsibility to transport a cargo from the
loading port to the destination port. The freight paid by the charterers (cargo owners) to the shipowner
is expressed as USD ($) per ton of cargo. In a time charter, the shipowner agrees to hire out his
vessel to a chatterer for a specified time period. The freight rate paid by the charterer in this case is
calculated as $ per day of hire.

3There are three major classes of vessels used for the transportation of different dry-bulk commodities
across different parts of the world. Capesize vessels (around 120,000 dead-weight tons [dwt]) trans-
port iron ore mainly from South America and Australia, and coal from North America, Australia, and
South Africa. Panamax vessels (around 65,000 dwt) are used primarily to carry grain from North
America, Argentina, and Australia, and coal from North America, Australia, and South Africa. Finally,
handysize vessels (around 30,000 dwt) transport grain, mainly from North America, Argentina and
Australia, and minor bulk products—such as sugar, fertilisers, steel, and scrap, forest products, non-
ferrous metals and salt—virtually from all over the world. See Table 1 and the section, Description
of the Market and Properties of the Data Series, for further discussion on the composition of the

BFI.
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formance is compared over subperiods and across routes. Moreover, boot-
strapping techniques are employed to investigate whether the differences
in the degree of hedging effectiveness across the different periods are
statistically significant.

This article contributes to the literature on futures markets in a num-
ber of ways. Although there have been numerous studies on the effec-
tiveness of constant and time-varying hedge ratios in different commodity
and financial futures markets, there has been no study so far in the lit-
erature to identify how the effectiveness of such strategies varies after
structural changes in the composition of the underlying index. The revi-
sions in the composition of the BFI provide a unique opportunity to in-
vestigate this issue. Comparisons of the variance reduction of the BIFFEX
market, with other markets in the literature, are also being made. More-
over, the fact that the BIFFEX contract is the only futures contract whose
underlying asset is a service, makes this investigation distinct.

Examination of this issue is also of considerable interest to those
involved in regulating the BIFFEX market. Given that all the revisions in
the structure of the BFI are driven by the intention to generate an un-
derlying index that promotes the more effective functioning of the
BIFFEX contract, it is interesting to investigate their impact on the risk
management function of the futures contract; this way, we can examine
whether they have achieved their intended objective. Moreover, this in-
vestigation is particularly timely, given the exclusion from the BFI of the
capesize routes, in November 1999. By investigating the effect of previous
revisions in the composition of the BFI on the performance of the
BIFFEX contract, we can thus provide some preliminary evidence re-
garding the possible impact of this new restructuring of the index.

This article presents the minimum-variance hedge ratio methodology
under the assumption of constant and time-varying risk. Next, some back-
ground is provided on the revisions that have been implemented to the
BFI over the period covered by this study. The properties of the data are
discussed and empirical results offered on the constant and time-varying
hedging strategies. The statistical significance of the differences in the
degree of hedging effectiveness observed across the different time periods
is then evaluated.

MINIMUM RISK HEDGE RATIO
METHODOLOGY

The primary purpose of hedging is to reduce the risk of adverse price
changes in the physical market. To achieve this purpose, the hedger has




780

Kavussanos and Nomikos

to determine the optimal hedge ratio, i.e., the ratio of his holdings in the
futures market such that the net gain or loss from his hedged position
will be minimised. Johnson (1960), Stein (1961), and Ederington (1979)
apply the principles of portfolio theory to show that the minimum-risk
hedge ratio of a futures contract is given by the ratio of the unconditional
covariance between spot and futures price changes over the uncondi-
tional variance of futures price changes.

To illustrate this, consider the case of a shipowner who wants to
secure his freight rate income in the freight futures market. The return
on the shipowner’s portfolio of spot and futures positions can be denoted

by:
Ry, = BRs, — YRg,

where Ry, is the return on holding the portfolio between t — 1 and ¢;
Rg, =S, = S,_| = AS,is the return on holding the spot position between
t — 1l and t (i.e., the freight rate revenue); Rg, = F, — F,_; = AF, is the
return on holding the futures position between t—1 and t; and vy is the
hedge ratio, i.e., the number of futures contracts that the hedger must
sell for each unit of spot commodity on which he bears price risk. The
variance of the returns of the hedged portfolio, is given by

Var(Ry,) = Var(AS,) — 2yCov(AS,, AF,) + v*Var(AF,) (1)

The hedger must choose the value of y that minimises the variance of the
returns of his hedged portfolio. Taking the partial derivative of equation
with respect to v, setting it equal to zero, and solving for y, we obtain the
optimal conventional hedge ratio v*

_ Cov(AS,, AF)
B Var(AF,)

*

(2)

The conventional hedge is equivalent to the slope coefficient, y*, in the
following regression:

AS, = vy + Y*AF, + u,; u, ~ iid(0, ¢2) (3)

Within this specification, the higher the R? of eq. (3) the greater the
effectiveness of the minimum-variance hedge. However, this method of
calculating hedge ratios is criticised by Myers and Thompson (1989) and
Kroner and Sultan (1993), as hedge ratios are derived based on the im-
plicit assumption that the risk in spot and futures markets is constant
over time. This assumption contrasts with the empirical evidence pre-
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sented in Kavussanos and Nomikos (2000b), that the BF1 routes are char-
acterised by time-varying distributions and hence, optimal risk-minimis-
ing hedge ratios for these routes should be time-varying. The latter are
defined as the ratio of the conditional covariance of spot and futures price
changes over the conditional variance of futures price changes, as follows:

Cov(AS,, AF|Q,_))

*10) -
(e Var(AF,Q,_ )

(4)

where Q, | refers to the information set available to market agents at
period t — 1. This is similar to the conventional hedge ratio of eq. (2),
except that time-varying conditional moments replace their time-invari-
ant unconditional counterparts, thus allowing the hedge ratio to change
through time as new information arrives in the market. In order to allow
for time variation in the hedge ratios, the conditional second moments
of spot and futures prices are modelled using the family of autoregressive
conditional heteroskedasticity (ARCH) models introduced by Engle
(1982). This study employs the following vector error-correction model
(VECM) with a GARCH error structure

p-1
AX, =p + 2 CAX,_; + TIX,_, + g5 8 = (zs"') Q,_, ~ IN(0, H)

i=1 F,t

H, = (Zss,z hS“) = C'C + A's,_1¢,_,A + B'H,_,B (5)
SF,t "FFt

where X, = (S, F,)’ is the vector of spot and futures prices, I'; and IT are
2 X 2 coefficient matrices measuring the short- and long-run adjustment
of the system to changes in X, and ¢, is the vector of residuals (&g, &f,)’,
which follow a bivariate normal distribution with mean zero and time-
varying covariance matrix, H,. In the specification of the conditional co-
variance matrix, C is a 2 X 2 lower triangular matrix and A and B are 2
X 2 diagonal coefficient matrices, with af + B3 < 1,i = 1, 2 for
stationarity.*

The following steps may be identified in estimating this model. First,
the existence of a long-run relationship between spot and futures prices
is investigated in the VECM of eq. (5) through the A, and A, statistics

“The A and B matrices are restricted to be diagonal because this results in a more parsimonious
representation of the conditional variance (see Bollerslev et al., 1994). Moreover, a GARCH(1,1)
model is used because of the substantial empirical evidence that this model adequately characterises
the dynamics in the second moments of spot and futures prices; see Kroner and Sultan (1993),
Gagnon and Lypny (1995, 1997), Tong (1996), and Bera et al. (1997) for evidence on this.
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(Johansen, 1988), which test for the rank of IT.° If rank(I1) = 0, then IT
is a2 X 2 zero matrix and the VECM is reduced to a VAR model in first
differences. If rank(IT) = 2, then all the variables in X,_, are I(0), and
the appropriate strategy is to estimate a VAR model in levels. If rank(IT)
= 1, then there is a single co-integrating vector and II can be factored
as I1 = aP’, where a and B’ are 2 X 1 vectors. Using this factorisation,
B’ represents the vector of co-integrating parameters and « is the vector
of error correction coefficients measuring the speed of convergence to
the long-run steady state. The significance of incorporating the co-inte-
grating relationship into the statistical modelling of spot and futures
prices is emphasised in studies such as Kroner and Sultan (1993), Ghosh
(1993), Chou et al. (1996), and Lien (1996); hedge ratios and measures
of hedging performance may change sharply when this relationship is
unduly ignored from the model specification.

The estimates of the co-integrating vector, representing the long-run
relationship between spot routes and futures prices, are then used in the
joint estimation of the conditional mean and the conditional variance of
the model in eq. (5). This takes place by maximising the bivariate con-
ditional normal log-likelihood function. The standard errors of the esti-
mated coefficients are computed using the Quasi Maximum Likelihood
Estimation (QMLE) procedure of Bollerslev and Wooldridge (1992). This
yields standard errors that are robust to departures from the maintained
assumption of conditional normality.

DESCRIPTION OF THE MARKET AND
PROPERTIES OF THE DATA SERIES

The BIFFEX contract is traded at the London International Financial
Futures Exchange (LIFFE). Trading takes place every business day from
10:15 to 12:30 and from 14:30 to 16:40 London time. Eight contract
months are always traded in the market; the current month, the following
2 months, and January, April, July, and October, up to 18 months ahead.
All the contracts that remain open on the last trading day of a particular
contract month, which is the last business day of the trading month, or
December 20 for the December contract, are settled in cash. The settle-
ment price is computed as the average of the BFI over the last five trading
days of the contract month; the monetary value of the settlement price
being $10 per index point.

>The Johansen (1988) procedure provides more efficient estimates of the co-integrating vector com-
pared with the Engle and Granger (1987) two step approach (see Gonzalo, 1994). Moreover, Johan-
sen’s tests are shown to be fairly robust to the presence of non-normal innovations (Cheung and Lai,
1993) and heteroskedastic disturbances (Lee and Tse, 1995).
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As mentioned in the Introduction, the BFI is a weighted average
index of dry-cargo freight rates on 11 seaborne trade routes. The under-
lying trade routes and their respective weightings in the composition of
the BFI have been revised substantially on a number of occasions to
ensure that the index provides a basis for the effective functioning of the
BIFFEX market. Since its inception in January 1985, these revisions in
the composition of the BFI, are presented in Table I; the notes in Table
I describe some minor amendments to the composition of the index.

We can broadly identify four different periods corresponding to dif-
fering compositions of the underlying index. During the first period (Jan-
uary 4, 1985 to August 3, 1990), the BFI consisted of capesize, panamax,
and handysize spot freight rates. For the period up to November 3, 1988,
the BFI consisted of 13 routes, of which 3 were capesize routes (routes
6, 8, and 10 representing 15% of the index composition), 5 were panamax
routes (routes 1, 2, 3, 7, and 9, which made up 65% of the index); the
remaining 5 were handysize routes (routes 4, 5, 11, 12, and 13, which
accounted for the remaining 20%). After November 4,1988, route 13 was
deleted, and the number of the BFI constituent routes was reduced to
12. The composition of the BFI was altered again on August 6, 1990 with
the introduction of three time charter routes (routes 1A, 3A, and 5). The
index was revised once more on February 5, 1991, when the panamax
route 7 was replaced with a capesize route and a new time charter route
(route 2A) was introduced. An additional time charter route was intro-
duced on February 5, 1993 (route 9). The four handysize routes (i.e.,
routes 4, 5, 11, and 12) were eventually excluded from the composition
of the index in November 1993 and the number of the BFI routes was
reduced to 11; since then, the BFI represents only panamax and capesize
spot and time charter rates. Finally, in December 1998, LIFFE an-
nounced that a new shipping index, the Baltic Panamax Index (BPI), will
replace the BFI as the underlying asset of the futures contract from No-
vember 1999 onward. The BPI, as its name implies, will consist of the
seven panamax spot and time charter routes (routes 1, 1A, 2, 2A, 3, 3A,
and 9) that currently compose the BFI. The proposed weights of these
routes in the new index are presented in Table I.

These revisions are driven by the intention to generate an underlying
index that promotes the effective functioning of the BIFFEX contract.
For instance, Gray (1990) indicates that time charter routes were intro-
duced in order to facilitate market participants who wanted to hedge their
freight rate risk on these routes. Similarly, Cullinane et al. (1999) indicate
that the exclusion of the handysize routes was implemented in response
to pressure from market agents, operating on panamax and capesize trade
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routes, who wanted to increase the panamax and capesize representation
on the index so as to enhance the performance of their hedges. Finally,
the exclusion of the capesize routes from the BFI, follows after an exten-
sive review and consultation of LIFFE with BIFFEX market participants,
who “put a Panamax index at the top of their list of requirements,” as this
is expected to increase the performance of hedges on the panamax
routes.®

Our data set consists of weekly spot and futures prices from August
1, 1988 to October 31, 1997.7 The spot price data are Wednesday closing
prices of all the BFI constituent routes and the futures prices are Wednes-
day closing prices of the futures contract, which is nearest to maturity;
when a holiday occurs on Wednesday, Tuesday’s observation is used in its
place. It is assumed that a hedger rolls over to the next nearest contract
1 week before the expiration of the current contract. Spot price data are
from LIFFE. Futures prices for the period August 1988 to December
1989 are from Knight Ridder and the Financial Times; for the period
January 1990 to December 1997, futures price data are collected from
LIFFE.

In order to investigate the effect of BFI revisions on the hedging
effectiveness of the futures contract, we consider different estimation
intervals for each route; these, along with the contribution of each route
to the BFI, are presented in Figure 2. For routes 1, 2, 3, 6, and 8, esti-
mation is carried out over three periods. The first period runs from August
1, 1988 (from November 4, 1988 for route 6) to August 3, 1990 (or to
February 2, 1991 for route 2), corresponding to the period before the
introduction of the time charter routes. The second period runs from
August 6, 1990 (or February 5, 19 91 for route 2) to November 2, 1993
and represents the period after the introduction of the time charter routes
in the BFL. The third period runs from November 3, 1993 up to October
31, 1997, corresponding to the period after the exclusion of the handysize
routes from the BFI. Routes 1A, 2A, 3A, 7, 9, and 10, are estimated over
two periods. The starting observation for these routes is, in the case of
routes 1A, 2A, and 3A, the day at which the routes were introduced,
(August 6, 1990 or February 5, 1991 for route 2A) and in the case of
routes 7, 9, and 10, the day at which the routes were revised to their
current definitions (February 5, 1991 or February 5, 1993 for route 9).
The second estimation period for these routes runs from November 3,
1993 up to October 31, 1997.

®Source: LIFFE to Introduce new BIFFEX Futures and Options Contracts. LIFFE news, LIFFE
Internet Site, Friday December 11, 1998.

"The choice of a weekly hedging horizon is consistent with the empirical studies in other futures
markets; see Kroner and Sultan (1993) and Gagnon and Lypny (1995, 1997).
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1/8/88 6/8/?0 5/2]/9] 5/2{93 3/1[]/93 3171097
b [ | | | "
Spot Freight Rates Spot and Time-Charter Freight Rates
Handysize, Panamax & Capesize Vessels Panamax & Capesize only
Route |« 20% >4 10% >« 10% >
Route 1A < 10% >4 10% ————>»
Route? ——— 20% > < 10% ——bpte——— 10% —Pp
Route 2A «— 10% >4 10% >
Route3 <4——— 15% >4 7.5% > 10% >
Route 3A < 7.5% >4 10% ——»
Route4 < 5% >4 5% >
Route 6 # 75% > 7.5% > 75% ———»
Route 7 4+— 50 —Ppt—— 75% ——P»
Route8 < 5% > 5% >4 7.5% >
Route 9 + 5% >4 10% )
Route 10 ¢ 5% > 7.5% >
Route 11 « 2.5% >« 2.5% ————>
Route 12 « 5% >4 5% »
FIGURE 2

Estimation intervals for the Baltic Freight Index (BFI) constituent routes.

The handysize routes (routes 4, 11, and 12) are also estimated over
two periods; the first period runs from August 1, 1988 (from November
4, 1988 for route 12) to August 3, 1990 and the second period is from
August 6, 1990 to November 2, 1993, when the handysize routes were
eventually excluded from the BF1.®

EMPIRICAL RESULTS

Summary statistics on logarithmic spot and futures price differences for
each route across the different subperiods, indicate the following: first,

8Notice that the estimation subperiods are different for each route. These discrepancies in the def-
initions of the subperiods for each route arise because the revisions in the weights of these routes,
or the introduction of new routes, take place at different points in time over the estimation period.
However, this helps us identify in greater detail such factors as the revisions in the weights of the
routes, the introduction of the time charter routes, or the exclusion of the handysize routes, which
affect the hedging performance of each route.
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there are significant departures from normality for all return series with
the exception of route 3 in the first period, route 9 in the second period,
and the futures return in the third period; second, ARCH effects are
present in spot returns for some of the subperiods with the exception of
routes 2, 2A, and 11, where there is no evidence of ARCH effects in any
of the subperiods; finally, Augmented Dickey Fuller (ADF) (Dickey &
Fuller, 1981) and PP (Phillips & Perron, 1988) tests on the levels and
first differences indicate that the series are first-difference stationary, i.e.,
I(1) variables.

Having identified that spot and futures prices are I(1) variables, co-
integration techniques are used next to examine the existence of a long-
run relationship between these series. The results indicate that panamax
routes stand in a long-run relationship with futures prices across all the
subperiods, with the exception of route 1 in the second period and route
9 for all the periods. On the other hand, the evidence presented for cape-
size and handysize routes is less strong; capesize routes are co-integrated
with BIFFEX prices only in the cases of route 7, route 8 for the third
period, and route 10. Moreover, with the exception of route 4 in the first
period, none of the handysize routes is co-integrated with the BIFFEX
prices.® These discrepancies on the existence of a co-integrating relation-
ship between BFI routes and BIFFEX prices across the different classes
of vessels can be attributed to the fact that these routes represent differ-
ent segments of the dry-bulk shipping markets. Since the panamax routes
are more heavily represented on the BFI, compared with the capesize and
handysize routes, their association with the BIFFEX prices is stronger
than in the case of the other routes.

For the routes that are not co-integrated with BIFFEX prices, the
estimated statistics indicate that rank(IT) = 0 in eq. (5), implying that a
VAR model in first differences is appropriate. For the routes that are co-
integrated with the BIFFEX prices, the normalised coefficient estimates
of the co-integrating vector, i.e., B’X,_, from eq. (5), are used in the joint
estimation of the conditional mean and the conditional variance. This
takes place by maximising the bivariate conditional normal log-likelihood
function. The standard errors of the estimated coefficients are computed
using the QMLE procedure of Bollerslev and Wooldridge (1992).'°

“Results for normality, ARCH, unit roots and co-integration tests are available from the authors upon
request.

'“The estimated models are subjected to diagnostics testing to ensure that they are well specified.
We employ Ljung-Box Q tests on the standardised residuals and squared standardised residuals,
Engle’s (1982) tests for ARCH effects and Engle and Ng (1993) tests for asymmetries in the con-
ditional variance equations. These tests do not indicate any misspecification.
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Table 11 presents likelihood ratio tests, comparing the VECM-
GARCH time-varying model in eq. (5) and a VECM with constant con-
ditional variance matrix, for each route across the different subperiods.''
The time-varying GARCH model is preferred over the constant VECM
in 18 out of 32 cases (56.25%). The selected model is then used to gen-
erate hedge ratios. In the case of the GARCH model, measures of the
time-varying variances and covariances are extracted and used to compute
the time-varying hedge ratios, v/, of eq. (4). For the constant VECM,
hedge ratios are calculated from the estimated residual series of the
model, as the ratio of the residual covariance of the spot and futures
equations over the variance of the residuals from the futures equation.
Finally, the conventional hedge ratio, y* in eq. (2), is also estimated and
used for comparison.

To compare formally the performance of each type of hedge, we con-
struct portfolios implied by the computed hedge ratios each week and
calculate the variance of the returns to these portfolios over the sample,
i.e., we evaluate

Var(AS, — v/AF) (6)

where y,* are the computed hedge ratios. The variance of the hedged
portfolios is then compared with the variance of the unhedged position,
i.e., Var(AS,), and the variance reduction achieved through hedging is
calculated as follows:

_ VAR(AS, — v'AF)

VR =1 Var(AS,) 7)

The larger the reduction in the unhedged variance, the higher the degree
of hedging effectiveness. When y;* in eq. (7) is the OLS hedge ratio of
eq. (2), v*, then this measure of hedging effectiveness is the same as the
R? of eq. (3) (Ederington, 1979). The estimated OLS hedge ratios and
their corresponding measures of hedging effectiveness, VR(OLS), as well
as the degree of hedging effectiveness, VR in eq. (7), from the selected
VECM-GARCH or VECM models in Table I, are shown in Table II1.'2

We can see that the OLS hedge ratios outperform the other hedges
in 24 cases out of 33 (72.73%); for the remaining 9 cases, (27.27%), the
VECM-GARCH hedges provide higher variance reduction. Therefore,

""Owing to the small number of observations for route 9 in the second period (N = 39), a GARCH
model is not estimated for this route.

12To account for the serial correlation and heteroskedasticity appearing in the spot returns, the
standard errors of the OLS hedge ratios are computed using the Newey and West (1987) estimator.
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the use of time-varying hedge ratios, while statistically appropriate, pro-
vides little gains in reducing the variability of the hedged returns, com-
pared to the OLS hedges. A possible explanation for this is that the time
variability in the second moments of spot and futures returns is not large
to the extent of justifying the use of time-varying hedging strategies. In
line with this article, Myers (1991) and Garcia et al. (1995) also find that
there are no gains in variance reduction by using time-varying hedge ra-
tios, in the wheat and soybean futures markets, respectively. This suggests
that the additional complexity of specifying and estimating GARCH mod-
els may be justified for some commodities but not for others.

The degree of hedging effectiveness seems to differ substantially
across subperiods and shipping routes. Consider first the periods before
and after the introduction of time charter routes to the index (periods 1
and 2). The hedging effectiveness decreases in all cases, with the excep-
tion of routes 4 and 11, where the hedging effectiveness increases from
3.94% to 6.34% and from 0.08% to 0.93%, respectively. The reduction in
hedging effectiveness is more striking for routes 1, 2 and 8. More specif-
ically, for routes 1 and 2 the degree of hedging effectiveness is reduced
by almost 3 times (from 33.7% to 7.17% and from 31.61% to 10.77%,
respectively), and for route 8, the degree of hedging effectiveness is re-
duced from 11.20% to 0.88%; notice also that the OLS hedge ratio for
route 8 in the second period becomes statistically insignificant, which
implies that the futures contract has no power in reducing the riskiness
of the spot position.

Consider next the period after the exclusion of the handysize routes.
The hedging effectiveness increases in all cases, with the exception of
route 3A, where the hedging effectiveness decreases from 17.38% to
14.71%. The highest increase is evidenced in routes 1, 2, and 9, where
the degree of hedging effectiveness increased almost twofold with respect
to period 2; notice that the weight of route 9, increased from 5% to 10%
while, the weights of routes 1 and 2 remained the same. Notice also that
the hedge ratios for routes 7, 8, and 10 in the third period become sta-
tistically significant when compared to the second period.

Another feature of our results is that, on average, the variance re-
duction for the panamax routes is higher than that for the handysize and
capesize routes. For instance, in the first period the lowest hedging ef-
fectiveness for a panamax route is 16.05% in route 3, while the highest
hedging effectiveness for a handysize route is 3.94% in route 4 and for a
capesize route is 11.20% in route 8. The capesize routes seem to perform
better than the handysize routes in the first period, although this is re-
versed in the second period. On average, however, their performance is
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poor, compared to that of the panamax routes. This follows from the fact
that these three categories of vessels respond differently to fluctuations
in the demand for the transportation of different commodities. For in-
stance, an increase in the demand for transporting iron ore and coal will
affect the freight rates of capesize vessels. Similarly, an increase in the
demand for the transportation of grain will primarily affect the freight
rates of panamax vessels. Hence, these categories of vessels represent
different segments of the dry-bulk market which are weakly correlated
with each other. In addition, the heavier representation of the panamax
routes on the BFI can explain the superior hedging performance on these
routes.

Finally, and in line with the results of Kavussanos and Nomikos
(2000a), the futures contract fails to eliminate a large proportion of the
variability of the unhedged portfolio, the greatest variance reduction
achieved in route 1 for the first period (33.70%). This is well below the
variance reduction over the unhedged position evidenced in other mar-
kets: 57.06% for the Canadian Interest rate futures (Gagnon & Lypny,
1995), 69.61% and 85.69% for the corn and soybean futures (Bera et al.,
1997), and 97.91% and 77.47% for the SP500 and the Canadian Stock
Index futures contract (Park & Switzer, 1995), and is a reflection of the
heterogeneous composition of the underlying index.'?

COMPARISON OF THE HEDGING
PERFORMANCE ACROSS SUBPERIODS

The preceding analysis indicates that there are nominal differences in the
effectiveness of the hedging mechanism, following the revisions in the
composition of the BFI. To consider whether the observed nominal dif-
ferences across the subperiods are statistically significant, we construct
empirical confidence intervals for the differences in measures of hedging
effectiveness across subperiods, using bootstrapping techniques. Boot-
strapping is a data-based simulation method that uses the empirical dis-
tribution of the statistic of interest, rather than the theoretical distribu-
tion implied by statistical theory, to conduct statistical inference. It is
particularly useful in cases where the standard error of the statistic is
difficult to estimate analytically; this is the case when the statistic of
interest is the difference in the degree of hedging effectiveness, as indi-
cated by Li and Vukina (1998).'*

130wing to the small number of observations for each route, particularly in the first two subperiods,
out-of-sample tests for hedging effectiveness are not pursued here.
'*The difference between bootstrapping and other simulation methods, most notably Monte Catlo,
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We use the following procedure. For each period, we select the model
that provides the highest degree of hedging effectiveness (either the
GARCH, the VECM or the OLS) and compute the variance reduction
achieved through hedging, using eq. (7). This is denoted VR;, i = 1,2,3,
for the different periods. The statistic of interest is the difference of the
VR; across two subperiods, VR; —VR;_, (i.e., VR, — VR, and VR; —
VR,). The selected model for each period, along with the value of the
observed statistic, are presented in Table IV. To investigate whether the
observed differences are statistically significant, we draw independent
bootstrap samples with replacement from the four sample series of in-
terest, namely the returns of the hedged (AS, — yAF,, where y;* is the
selected hedge ratio) and the unhedged position (i.e., the returns in the
spot market, AS,) across two adjacent periods.

Based on these bootstrap samples, we calculate the variances of the
series and compute the variance reduction from hedging for each sub-
period, i.e., VR; using eq. (7); these are then used to compute the boot-
strap replication statistic VR; — VR, _,. This procedure is repeated 10,000
times and generates a series of 10,000 observations of the bootstrap sta-
tistic. Visual inspection of the histograms from the bootstrap replications
suggests that they are asymmetrical. Hence, the confidence intervals are
calculated using the bias-corrected and accelerated (BCa) method sug-
gested by Efron and Tibshirani (1993). This is because the BCa method,
by accounting for the asymmetrical nature of the distribution of our boot-
strap statistics, generates more robust confidence intervals, compared to
the conventional percentile method. If the value of 0 falls within the
limits of the empirical confidence interval, then the difference in the
degree of hedging effectiveness across the subperiods is not significant.'®

Our results, presented in Table 1V, indicate that the differences in
the degree of hedging effectiveness between periods 1 and 2 are signifi-
cant only for routes 1 and 2. Notice that during the first period, routes 1
and 2 are the most heavily represented routes on the BFI, with a weight
of 20% each, and the BIFFEX contract offers the greatest variance re-
duction for hedges on these routes, as evidenced in Table III, whereas in
the second period the weights of these routes are halved to 10% each.

This indicates that the reduction in the weights of the BFI routes,
affects significantly the hedging performance for these routes which are

is that the former is based on the actual empirical data to obtain a description of the sample properties
of the empirical estimators. In contrast, Monte Carlo methods are used to identify whether the
theoretical properties of estimators, implied by statistical theory, conform to a particular data set.
For an overview of the applications of bootstrapping, see Efron and Tibshirani (1993).

'5Our results remain qualitatively the same when we consider the percentile confidence intervals
and across the 10% and 1% levels of significance.
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TABLE IV

Empirical Confidence Intervals for the Differences in the Degree of Hedging

Effectiveness across Subperiods

Selected Model for Period®

Periods 1-2 Periods 2—3
Route® 1 2 3 VR,-VR, VR3-VR,
1 oLS OLS  GARCH  Obse —0.2653t 0.1152¢
95% Cld  —04449  —0.0681 00234 02153
1A — OLS  GARCH  Obs - 0.0374
95% Cl 00819  0.1693
2 oLs oLs oLs Obs —0.20841 0.0877
95% Cl  —-03392 -00619 -00476 0.2046
2A — oLS oLs Obs - 0.0432
95% Cl ~0.1089  0.0752
3 OLS  GARCH  OLS Obs —0.0345 . 0.0055
95% Cl  —0.2235  0.1452 —0.1501  0.1691
3A — oLs oLs Obs - —0.0267
95% Cl ~0.2007  0.1331
4 oLS oLs — Obs 0.0239 -
95% Cl  —00693  0.1129
6 GARCH  OLS  GARCH  Obs —0.0604 0.0159
95% Cl  -00545 00901 —00789 0.0864
7 — GARCH GARCH  Obs - 0.0436
95% Cl ~00367  0.1061
8 oLs oLs oLS Obs —0.1031 0.0476
95% Cl  —0.2661 00938 —00214 01117
9 — OLS  GARCH  Obs - 0.0791
95% Cl ~0.1024 03103
10 — GARCH  OLS Obs - 0.0095
95% Cl -0.0980 0.0973
11 oLS oLS — Obs 0.0085 -
95% Cl  —00248 00412
12 oLs oLs — Obs —0.0220 -
95% Cl  —0.1267  0.0372

OLS, Ordinary Least Squares; GARCH, generalized autoregressive heteroskedasticity; Obs, observed; 95% Cl, 95% con-
fidence interval.
*See Figure 2 for the definition of the estimation periods across the different routes.

°The selected model for each period is the model, in Table Il, that provides the highest degrees of hedging effectiveness.
cObserved is the observed difference in the degree of hedging effectiveness from the selected models between two
adjacent periods.
995% Cl is the 95% BCa confidence interval for the differences in the degree of hedging effectiveness.
. ¥, ¥ denote significance at the 1%, 5%, and 10% levels, respectively,
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more heavily represented on the Index. Two reasons may be put forward
in support of this. First, for route 3, whose weight in the BFI in the first
period was less than that of routes 1 and 2 (15%, cf. 20%), the reduction
in the weight of this route to 7.5% in the second period did not result in
a significant reduction in its hedging performance. Second, the hedging
performance of the routes whose weights remained unchanged between
periods 1 and 2 (i.e., the handysize routes 4, 11, and 12 and the capesize
routes 6 and 8) has not been altered significantly between these periods.
This also suggests that the introduction of the time charter routes to the
index did not affect the hedging performance of these routes and, as a
consequence, does not account for the observed decrease in the hedging
performance of routes 1 and 2.

Therefore, the decrease in the hedging performance for routes 1 and
2 can be attributed to the reduction of their weights in the BFI. This
finding contrasts with the evidence presented by Glen and Rogers (1997),
who argue that changing the weights in the composition of the constit-
uent routes in the Simpson, Spencer, and Young (SSY) capesize index
does not alter significantly the correlation of these routes with the index.
It appears that the opposite is true for the BIFFEX contract, since futures
prices are more strongly correlated with the shipping routes that have a
heavier representation on the underlying index.

Consider next the period after the exclusion of the handysize routes.
We can see that there is a nominal increase in the hedging effectiveness
for all the routes, with the exception of route 3A. However, this increase
is statistically significant only in the case of route 1. Therefore, the ex-
clusion of the handysize routes from the index did not affect the hedging
performance across all the BFI routes, as it was anticipated by the reg-
ulatory authorities; this may be attributed to the fact that the handysize
routes represented a small proportion, only 17.5%, of the index.

Despite this, it seems that the hedging performance of the BIFFEX
contract will strengthen even further after the forthcoming exclusion of
the capesize routes and the introduction of the BPI as the underlying
asset of the contract. Three reasons may be put forward for this. First,
the weights of five out of the seven routes of the new index will increase
from their current level and the weights of the other two routes will re-
main unchanged (see Table ). This suggests that the hedging perfor-
mance, at least for the former routes, will increase since, as our results
indicate, freight rate risk can be hedged more effectively for these routes
which have a heavier representation on the BFI. A second reason is that
the capesize routes currently represent 30% of the index and, as a result,
their exclusion from the BFI will have a more beneficial effect on the
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TABLEV

Correlation Matrix of the Logarithmic Differences between BFI and BFI
Routes: Daily Data*

Route 1 1A 2 2A 3 3A 6 7 8 9 10 BF1

1 —

1A 0.693 —

2 0.555 0624 —

2A 0.602 0769 0.719 —

3 0.384 0403 0.413 0445 —

3A 0.391 0505 0.432 0.555 0.602 —

6 0.214 0261 0183 0224 0201 0.272 —

7 0.232 0306 0203 0247 0.171 0.236 0.560 —

8 0.173 0157 0.110 0120 0.123 0.193 0.277 0.273 —

9 0.376 0486 0409 0493 0585 0716 0225 0235 0.195 —

10 0.268 0.300 0.207 0.247 0.151 0.218 0556 0.702 0.293 0.1 —

BFI 0.729 0832 0.756 0841 0656 0.752 0430 0459 0296 0715 0449 —

Arithmetic Mean of the Correlation Coefficients

BFI with panamax routes = 0.755 Panamax with panamax routes = 0.531

BFI with capesize = 0.408 Capesize with capesize routes = 0.444
Panamax with capesize routes = 0.209

BFI, Baltic freight route.*The correlation coefficients are based on logarithmic first differences of the daily prices of the BFI
and the BFI routes for the period November 3, 1993 to October 31, 1997.

hedging performance of the market, compared with the exclusion of the
handysize routes, which represented only 17.5% of the index.

Finally, the new index will have a more homogeneous structure than
the BFI and will consist of shipping routes, which are strongly correlated
with each other. Table V presents the correlation matrix of the logarithmic
price differences of the BFI with the BFI routes for the period November
3, 1993-October 31, 1997, corresponding to the third period in our anal-
ysis (see Fig. 2). The same table, also presents the arithmetic mean of
the correlation coefficients across different categories of vessels in the
BFI. We can see that the panamax routes are more strongly correlated
with the BFI than the capesize routes. More specifically, the average cor-
relation of the panamax routes with the BFI, 75.5%, is higher than that
of the capesize routes, 40.8%; this is expected given that the former rep-
resent 70% of the index.

We can also note that these two categories of vessels represent two
distinct groups of underlying shipping routes. The within-group correla-
tion is strong in both cases although their correlation with the other group
is weak; the average correlation for panamax routes is 53.1%, while the
average correlation for the capesize routes is 44.4%. On the other hand,
the average correlation between panamax and capesize routes is only
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20.9%. Gemmill (1985) indicates that the inclusion in the BFI of routes
which are weakly correlated with the remaining routes of the index, such
as for instance the capesize routes which are weakly correlated with the
panamax routes, will not improve much the performance of hedges on
the capesize routes and may actually deteriorate the performance of
hedges on the panamax routes. For these reasons, it seems that the in-
troduction of the BPI as the new underlying asset of the BIFFEX contract
is likely to have a beneficial impact on the risk management function of
the market.

CONCLUSIONS

This article discusses the hedging effectiveness of futures contracts
whose underlying asset is an index, when the structure of this index is
changing. The case of the BIFFEX contract is investigated here. The
contract is cash settled against the BFI, a weighted average index of the
freight rates on 11 component shipping routes. These routes are diverse,
in terms of cargoes, vessel sizes and types of fixture and, as a result,
futures contracts are not as effective in eliminating spot market risk to
the extent evidenced in other commodity and financial futures markets.
For instance, Kavussanos and Nomikos (2000) find that the hedging ef-
fectiveness of the BIFFEX contract varies from 19.2% to 4.0% across
different shipping routes of the BFI, whereas, the evidence presented in
other markets indicates variance reductions by as much as 98%. In view
of that poor hedging performance, LIFFE has altered the structure of the
BFI on a number of occasions.

Our findings can be summarised as follows. There is no evidence of
statistical change in the hedging performance of BIFFEX on any route,
following the inclusion of the time charter routes in the BFI, however,
there seems to be an increase in the performance of route 1 following
the exclusion of the handysize routes. In addition, our analysis has indi-
cated that the reduction in the weight of a route in the BFI (as in the
case of the weights of routes 1 and 2) is likely to decrease hedging per-
formance on this route. Furthermore, it may be argued that, the exclusion
of the capesize routes from the index, in November 99, with the brief of
increasing the homogeneity of the BFI, will have a beneficial impact on
the hedging performance of the market; see Kavussanos and Nomikos
(2000b) for the latest evidence on this.

Policy implications for the construction of an index, such as the BFI,
for hedging point to including (1) routes with high correlation between
them; (2) routes which are affected by similar economic factors (e.g.,
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routes within the same subsector of the dry bulk market); and (3) few
routes only, resulting in relatively high weight of each. However, hedging
performance will be further improved if futures contracts are based on
an individual route rather than on an underlying index.
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