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INTRODUCTION

The limited life span of individual futures contracts complicates the testing of
academic hypotheses as well as the implementation of trading rules in futures

markets. Avoiding the problems associated with the limited life span usually in-
volves linking the price series of individual futures contracts through time so that a
longer artificial price history can be created. By doing so, however, the heterogene-
ity between consecutive contracts, as well as the unusual market activities often ob-
served near maturity, can generate significant biases in the various time-series
properties of the artificial price series depending upon the rollover method chosen.'

Though the concern for possible bias is implicitly shared by a number of re-
searchers of futures markets, there does not appear to be a consensus regarding the
procedure to construct these artificial series. In estimating the parameters of return
distributions for 18 different futures contracts, Cornew, Town, and Crowson (t984)
construct each artificial time series using the closing prices of the futures contract
nearest to delivery from approximately ten weeks before the beginning of the deliv-
ery period until approximately two weeks before first notice day, and then roll into
the next contract closest to delivery. At the rollover date, the closing price of the
new contract on the day prior to the rollover is used to compute the relative price
change so that it is not sensitive to price discontinuities. In an investigation of the
daily effect in stock index future markets, Junkus (1986) excludes prices in the de-
livery month to avoid any nonstationarity in the return series due to any increase in
variance associated with decreasing time-to-maturity. In contrast, Dyl and Maberly
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(1986), when testing for the weekend effect in the S&P 500 futures index, set the
rollover date at the third Wednesday of the current contract month—two days prior
to the actual delivery day of the S&P 500 futures contracts, while no adjustment is
made in the price series at the time of the switch from one contract to the next.
Similarly, Herbst, Kare, and Caples (1989) create a "perpetual contract" with the
daily price computed as a weighted average of prices on outstanding contracts,
where the weights represent each contract's number of days from the present.
Grammatikos and Saunders (1986), in testing the price-volume relationship in fu-
tures markets, use market data gathered for each contract beginning six months be-
fore maturity, and ending at the beginning of the delivery month. The delivery
month is excluded to control for what they call "delivery complications." While
testing the same issue, Karpoff (1988) uses the price of the most actively traded
contract that day, which usually is the nearest-to-deliver contract, but not within
one month of delivery. He further notes that the resulting return series is nearly
identical to a buy-and-hold strategy of holding the single nearest-to-deliver contract
and rolling into the next nearest-to-deliver contract one month before delivery.

The studies cited above, along with numerous others, indicate there are many
different rollover methods being utilized. The two factors that appear to vary
among these studies are: (i) the point in time at which the current contract is rolled
to the next; and (ii) whether to adjust the price level of the contract being rolled
into upon rollover. Therefore, this note seeks to demonstrate the differences that
result from the use of alternative conventional methods of rolling over futures con-
tracts. It is shown that the conclusions drawn from three common empirical tests of
futures markets are not robust to the choice of method for rolling over futures
contracts.

The conclusions of this study go beyond mere academic refinement in hypothesis
testing. Traders often need to rely on time series of futures prices that resemble
trading in consecutive contracts to test the effectiveness of trading rules. Changes
in trading positions are usually activated by the triggering of the trading rule. How-
ever, a trader can be forced to roll over from the maturing contract to the next-out
contract if the trading rule is not activated before maturity. This occurrence com-
plicates the measurement of the risk-return performance of the trading rule. Thus,
it is important to traders to know whether their positions are affected by a rollover
date other than the date decided upon by a trading rule. Moreover, if the time se-
ries properties of the price series depends upon the rollover date, so too does the
efficacy of a trading rule depend upon the rollover date.

This note describes several popular methods of rolling over contracts that are
used in academic research and by practitioners. Differences in time-series proper-
ties associated with each method are discussed. Results from three typical empiri-
cal tests on time series that are constructed using common rollover methods are
presented. The relevance of the choice of rollover method is demonstrated by the
significantly different conclusions reached from the various empirical tests.

METHODS OF ROLLING OVER CONTRACTS

Selecting Rollover Dates

In choosing a method of rolling over contracts, the first decision to be made is the
selection of a point in time to "roll over," i.e., when to switch from the maturing
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contract to the next-out contract. From the various choices in the cited studies, it
appears that there is not a unique date for all purposes. However, the most com-
mon methods include switching at the delivery date, the first notice date, or some
arbitrary length of time before the delivery date. For most purposes, the use of first
notice day seems to be a logical choice. This is often a popular choice for trading
purposes, because some exchanges require extra margin in specific markets after
the first notice day. Thus, traders roll forward to the next contract prior to the first
notice day if they do not intend to post additional margin.

As for the rationale to roll over at dates distant from the actual delivery date, the
open interest begins to decline as the delivery day for a contract nears. Traders be-
gin switching out of the nearby contract and into the next nearby contract to avoid
problems associated with illiquid trading. Therefore, if liquidity of the current con-
tract is deemed to be an important concern, futures contracts are rolled over at
some arbitrary time before the delivery date, e.g., the first of the delivery month or
the last trading day of the previous month. On the other hand, if the liquidity in the
next nearby contract is not at a sufficient level, the actual timing of rollover may be
delayed until the liquidity of that contract increases.

Alternatively, the use of the actual delivery date as the rollover date is motivated
by the fact that traders are able to follow the entire life of each individual contract.
However, it is well known that the price volatility, the trading volume, and open
interest in the delivery month are often so erratic that the data can be meaningless.
The source of the abnormal market movements in the delivery month is often at-
tributed to the thin trading and illiquidity of the maturing contract. This may result
in discrete price movements. Furthermore, speculative activities prevalent in the
last week of the life of the contract can cause excessive volatility which can signifi-
cantly bias the testing.^

The Adjustment on the Price Levels at the Rollover Date

An equally important dimension to consider when rolling over contracts is the dif-
ference in the price levels between the two contracts, which is often observed at the
rollover dates. One immediate implication is that there are some "artificial jumps"
in the entire time series because of the rollovers. The jumps may generate seem-
ingly excessive volatility and extremely large price changes (returns) which may dis-
tort the parameter estimates of the true underlying distributions which, therefore,
bring into question the validity of the test statistics. On the other hand, traders
argue that no ex post adjustment should be made, since only real transaction prices
can be used in practice. This commitment should be followed even when it is
known that an explicit bias will be present. Therefore, a decision needs to be made
regarding whether a series of prices is adjusted to remove the price jumps that
occur at the rollover date, or is left unadjusted with the price jumps intact.

If a price adjustment at the rollover date is deemed necessary, both the magni-
tude and the extent of the adjustment become relevant considerations. One typical
method of adjustment is to subtract the difference in the price levels between the
new contract and the old contract, at each rollover date, from all new prices, or add
the difference to the previous prices. This way, by adjusting price levels backward

^Of course, the decision whether to include in the sample the price history in the last few weeks of
the maturing contract depends on the issue under investigation. It should be noted that a later
rollover date may introduce significantly higher variances and price discreteness.
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or forward, the price gaps resulting from contract rollover are eliminated.^ Further-
more, since there is an adjustment on all prior prices at each rollover date, most
prices have a number of price gaps subtracted from them. A "negative price syn-
drome" may result from the fact that earlier (or later) futures prices may turn nega-
tive as they are altered by accumulation of all price gaps over the entire time
period.*

A measurement error is introduced also if the return is computed using a per-
centage form. Once the price level is adjusted several times, the daily price can be
artificially low or negative, thereby causing the percentage return to be signifi-
cantly amplified. This is due to the reduction in the base price in computing returns
with the same daily price changes. To demonstrate this point, an example is pre-
sented in Appendix A. For the original price series, both the price changes and re-
turns are at reasonable levels. However, once the level adjustment of 100 is
subtracted from the price level, the daily price changes remain the same, but the
daily returns are drastically distorted. It is clear that the bias is attributable to the
reduction in price levels given the same price changes. Apparently, the net impact
of this change in absolute price levels is a significant increase in the volatility mea-
sures which produces totally unpredictable changes on other parameter estimates.

EMPIRICAL EXAMPLES
To demonstrate both the economic and statistical differences associated with com-
monly used rollover methods, three tests which are commonly used in the futures
literature are conducted: (i) risk-return combinations of a buy-and-hold trading
strategy; (ii) serial dependence between successive price changes (returns); and (iii)
daily effects in the payoff distributions. The purpose of replicating these tests is to
see if the conclusions are robust to which rollover method is used. Therefore, the
same empirical estimation processes are repeated for each of the six time series that
are created using the six methods discussed above. The choices of six possible com-
binations of rollover dates and whether or not to adjust the price level at the
rollover date are summarized in Table I.'

Table I

Method Rollover Date Adjustment at Rollover

A First day of the contract month Yes
B First day of the contract month No
C Delivery day Yes
D Delivery day No
E First notice day Yes
F First notice day No

'One apparent side effect of this method, as argued by its critics, is that most of the price history
does not represent actual transactions prices, which may pose a serious problem for traders who wish
to test trading strategies and need to use actual prices.

*The occurrence of negative prices should depend on the range of the time period and the price
variation of the futures prices. Futures contracts like Corn, Feeder Cattle, Gold, Pork Bellies,
Platinum, Sugar, Swiss Franc, Silver, Soybeans, Soybean Meal, and Wheat are known to generate
negative prices after adjustments. For details, see Technical Tools (1989).

'Obviously, there are numerous other ad hoc methods in both selecting rollover dates and adjust-
ing price levels of different contracts. Six of the most commonly used methods are simulated here.
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To further show that the impact may be universal, one representative futures
contract is selected from each of the five different categories of futures markets,
i.e.. Gold (precious metal), S&P 500 (equity), T-bond (financial), Japanese Yen (cur-
rency), and Soybeans (agri-commodity). The relevant institutional contract specifi-
cations are outlined in Appendix B.

The Payoff Distributions

The parameters of the payoff distribution based on the six time series generated
from each futures contract are estimated first. In Table II, the comparative results
are presented. The mean and standard deviation of the daily price changes for each
of the six time series is computed. As predicted in the previous section, the stan-
dard deviation of the price changes decreases if the price level is adjusted to elimi-
nate the price gap. This is true regardless of which rollover date is used. In most of
the cases, the volatility measures are higher if the rollover date is the contract deliv-
ery date. However, the net impact on the volatility measures from the tradeoff be-
tween rolling over at days different from the delivery dates and whether to adjust
the price levels at the rollover dates is not clear.

The comparisons of the return distributions in Table III, however, show sharp
differences. The Gold futures returns, for example, exhibit tremendously large vari-
ations between the adjusted series and the unadjusted series in both the estimates of
the mean and the standard deviation. This appears to be attributable to the mea-
surement error problem discussed in the previous section. Gold futures prices are
known to have the negative price syndrome. A more serious issue, however, is that,
because the magnitude of the measurement error is so large, on the order of more
than 1000 times, proper comparisons of the bias from different rollover methods be-
come meaningless. Aside from the fact that the return measure after adjustment is
distorted, the bias on the mean of the price change (return) of the buy-and-hold
trading strategy is not absolutely clear. However, the bias of either higher or lower
return measures resulting from the adjustment decision at rollover dates is, at least,
consistent across all selections of the rollover dates.'

Seriat Dependence

One standard test of market efficiency is based on the predictive power of past pay-
offs on current payoffs. The statistical significance of serial correlation between
successive daily price changes (returns) is often used for that purpose. The serial
correlation for each of the six series is computed in both return and price change
forms. In Table IV, the comparative results are presented. Again, there seems to be
no consistent pattern with respect to the direction of the effects on serial correla-
tion from one series to another. The different combinations of adjustment decision
and rollover date do not render any predictable impact on the magnitude of the cor-
relation. A further disturbing finding is that both the statistical significance and the
direction (sign) of the serial correlation may be altered depending upon which time

'The practical relevance of the evidence in Tables II and III is indicated by a different risk-return
tradeoff if traders use different time series to execute their trading rules. For example, if traders fol-
low naive daily buy and hold strategies, the return can vary between 0.26% and 0.89% and the risk
can vary between 0.83% and 0.88%. In some cases, the conclusion of whether the profit is actually
achieved can be altered, as demonstrated by the changing signs of the mean price changes among the
six different series.
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series is used. Tbe sharp contrast can best be demonstrated by the six different
serial correlations computed for the daily Soybean futures returns. Two of the six
series exhibit significantly negative serial correlation, while the other four have sig-
nificantly positive serial correlation.

Day-of-the-Week Effect

The standard test procedure to investigate whether or not the typical negative
(positive) Monday (Friday) effect exists is performed by estimating the following
equation:

Ri, = a + 62O2 + 63D3 + b,D4 + bsDs + e, (1)

where i?, is the /th time series of the daily return or the daily price change series.
Di represents the daily dummy, and its coefficient measures the difference between
the Monday return (price change) and another weekday return (price change). The
estimate of a is the mean return (price change) for Monday. In Tables V and VI,
eq. (1) is estimated for all six series (f = 1,...,6). Both the magnitude and the
statistical significance of the Monday return and the differences of other weekday
returns vary significantly across the six series. For instance, in the gold futures
market, there is a significant (negative) Monday effect only for the first and the
sixth series. For the live hog futures market, the third series has a positive Monday
effect. Furthermore, the statistical significance of the return difference on other-
than-Monday weekdays also varies widely from one series to the next. Thus, it ap-
pears that different conclusions can be drawn from the empirical results estimated
from time series generated from different contract rollover methods.

In summary, the collective evidence suggests that there are wide variations in
terms of both quantitative and qualitative conclusions one can draw from the evi-
dence estimated from the six time series. The disturbing aspect of this finding is
that most of the differences in results cannot be predicted. It is important to know
that the results of these three common empirical tests are not robust to the rollover
method used in the analysis.

IMPLICATIONS AND CONCLUSIONS
This note demonstrates that biases are generated from the selection of different
methods to roll over futures contracts. This issue is particularly relevant since much
academic research and many practical trading rules rely on historical time series
that last beyond the limited life span of individual contracts. A review of the litera-
ture reveals that several methods of rolling over futures contracts are commonly
used. The necessary decisions involved in rolling over contracts include the selec-
tion of a rollover date and the adjustment on the price level when the contract is
rolled over.

Any differences resulting from alternative sample selection procedures sbould
not pose serious problems to users so long as the direction and the magnitude of the
difference can be ascertained ex ante. However, most of the effects discussed can-
not be predicted beforehand. For instance, if the new contract price at the rollover
date is higher (lower) than the price of the old contract, and if the futures price fol-
lows a submartingale, removing the price gap imparts negative (positive) serial cor-
relation into the series. The impact on total variance, however, is less
straightforward. The total volatility can increase, depending on the interaction be-
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tween the removal of price gaps and the additional serial correlation. It also ap-
pears to be difficult to estimate the relationship between old and new contract
prices at rollover dates. Since the futures price of the current contract is equal to
the actual spot price at the delivery date, the new contract price could be at a pre-
mium or a discount, depending on the cost of carry to next delivery and the expec-
tation of the future spot price. This ambiguity presents similar unpredictability on
the magnitude and the direction of the effect.

In general, the evidence suggests that the choice of rolling over at the delivery
date should be avoided since it almost always generates excessive volatility. While
adjusting the differential price levels at rollover dates reduces volatility, some artifi-
cial but drastic measurement errors are created if returns are computed using the
adjusted price series. Furthermore, the magnitude of the measurement error is so
large that the direction and size of the biases from the different rollover methods is
lost. It may appear that as long as the issue under investigation does not rely on the
absolute price levels, the "negative price" from the adjustment should not alter any
conclusions. However, a subtle problem arises when the price levels are differenced
multiple times over different ranges of the time series. The level adjustment proce-
dure effectively replaces the large (positive or negative) daily price changes at the
rollover dates with zero price changes. Consequently, the average return, the vari-
ance and serial correlation estimates may be biased.

An important implication of the evidence presented here is that anytime it be-
comes necessary to link individual futures contracts' price series, be it for the de-
velopment of trading rules or for hypothesis testing, the results achieved and the
conclusions reached are likely to depend upon the procedure with which the con-
tracts are linked. Unfortunately, the evidence presented here does not allow one to
choose a "best" method. In fact, it appears likely that the selection of the "best"
method may be contract specific. This issue is left to further research.
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Appendix A

AN EXAMPLE OF THE MEASUREMENT BIAS
ON RETURNS FROM ADJUSTING PRICES AT THE ROLLOVER DATE

Day

/ - 3
t - 2
t - 1

t
t + 1
t + 2
t + 3

Unadjusted
Price

99
102
105
102
106
109
105

Unadjusted
Return

3.03%
2.94%

-2.86%
3.77%
2.83%

-3.67%

Unac^usted
Price Change

3
3

- 3
4
3

- 4

Acyusted
Price'

- 1
2
5
2
6
9
5

Adjusted
Return

300%
150%

-60%
200%

50%
-44.4%

Adjusted
Price Change

3
3

- 3
4
3

- 4

The adjustment level of 100 is subtracted from the original price level.

Appendix B

CONTRACT SPECIFICATIONS OF SIX FUTURES CONTRACTS

Contract

T-bond

S&P 500

Gold

Japanese Yen

Live Hog

Soybean

Delivery Date

8th last business day
of the contract month
3rd Thursday of the
contract month
4th last business day of
of the contract month
2nd business day before
3rd Wednesday
20th or prior business
day
8th last business day
of the contract month

First Notice Date

Last business day of
previous month
N/A

2nd last business day
of previous month
N/A

Last business day of
previous month
Last business day of
previous month

Sample Period

9/77-6/89

4/82-6/89

12/82-6/89

11/76-6/89

2/68-6/89

6/89-6/89

N/A: Cash clearing at delivery dates (a week prior to the delivery date is then used).
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