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INTRODUCTION
The issue of volatility in futures prices has been investigated extensively
in the finance literature. In his seminal article, Samueison (1965) pro-
vides a model that postulates the volatility of futures prices should in-
crease as the contract approaches e.xpiration. This effect, which has be-
come known as the maturity effect, occurs because the model assumes
market competition forces the spot and futures prices to converge at ma-
turity. Thus, prices of futures contracts close to expiration react more
strongly to new information about the commodity than do prices of more
distant contracts, at a time when little is known about the future spot
price for the underlying commodity.

Milonas (1986) studied eleven commodities and found strong sup-
port for the maturity effect after controlling for the year effect, the cal-
endar-month (seasonality) effect, and the contract-month effect. Ander-
son (1985) studied nine commodities and found support for the maturity
effect, but concluded it is secondary to the effect of seasonality.

This study sheds new light on the maturity effect by examining a
more extensive set of futures contracts for more commodities over a
longer period than previous studies. Using data on 4111 futures contracts
drawn from 45 commodities over the years from 1969 to 1992, and em-
ploying an alternative methodology to control for the effects of year, cal-
endar month, and contract month, strong support is found for the ma-
turity effect in agricultural and energy commodities, but not in precious
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metals and financial commodities. Thus, it appears the maturity effect
plays a significant role in the volatility of futures prices for those com-
modities that experience seasonal demand or supply, hut not those for
which the cost-of-carry model of futures prices works well.

The article is organized as follows. The next section presents a brief
review of the related literature, emphasizing the various sources of vola-
tility that have heen identified and the theoretical models that have been
proposed to explain the maturity effect. Then, the data and methodology
are discussed, and the results of the empirical analysis follow. The final
section presents concluding remarks.

RELATED LITERATURE

Several sources of nonstationarity in futures prices have been identified
in the literature. As described in Milonas (1986), the year effect refers
to year-to-year variahility in futures prices due to random shocks, such
as weather conditions or political events, that affect supply or demand in
the product markets. The calendar-month effect refers to the seasonality
within a year of the demand for or suppiy of the commodity. For example,
for many agricultural commodities, price volatility increases during sum-
mer months when information on changing weather conditions has the
most effect on expectations ahout crop supply. In contrast, for energy
commodities, production is not ver}' seasonal, but demand exhibits strong
seasonality. For example, fuel oil has high demand in winter, while gas-
oline exhibits high demand in summer. The contract-month effect cap-
tures random shocks occurring because futures contracts mature in dif-
ferent calendar months. For example, for agricultural commodities,
higher price volatility is expected for those contracts maturing shortly
before harvest.

In a study of corn, wheat, and the soybean complex (soybeans, soy-
bean meal, soybean oil) futures over the period 1966-1982, Milonas and
Vora (1985) tound evidence of all three sources of nonstationarity in the
five commodities, but the results were weakest for soybean meal and
soybean oil. Similarly, Kenyon et al. (1987) found evidence of year and
calendar-month effects for corn, wheat, and soybeans. Khoury and Your-
ougou (1993) studied six Canadian grain and oilseed commodities (barley,
oats, flaxseed, rye, wheat, canola) from 1980-1988 and found mixed sup-
port for the effects of year, calendar month, and contract month on fu-
tures price volatility.

The maturity effect, another source of nonstationarity, refers to in-
creasing volatility of futures prices as the contract approaches expiration.
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This effect was modeled by Samueison (1965), wbo assumed competitive
forces in the futures market ensure tbat the spot price and the futures
price converge at maturity. The intuition behind Samuelson's model is
that high price volatility implies large price changes. Price changes are
larger when more information is being revealed about a commodity. Early
in a contract's life, little information is known about tbe future spot price
for the underlying commodity. Later, as the contract nears maturity, the
rate of information acquisition increases, and, tbus, the price volatility
increases.

Early empirical evidence regarding the maturity effect hypothesis is
mixed. Rutledge (1976) rejected the hypothesis for wheat and soybean
oil, but accepted it for silver and cocoa. Grauer (1977) found no support
for ten different commodities. More recent empirical evidence is more
supportive. Dusak-Miller (1979) reported support for tbe maturity hy-
pothesis for live cattle futures. Castelino and Francis (1982) found strong
evidence of a maturity effect for wheat and the soybean complex during
1960-1971, while Milonas (1986) found support for the hypothesis in
10 of 11 agricultural, financial, and metals commodities from 1972—
1983. Barnhill, Jordan, and Seale (1987) found evidence of a maturity
effect in the Treasury-bond futures market during the period 1977—1984,
and Khoury and Yourougou (1993) found support for a maturity effect in
their analysis of six Canadian agricultural commodities.

Anderson and Danthine (1983) proposed a model that is more gen-
eral than Samuelson's. The model allows for the simultaneous determi-
nation of equilibrium cash and futures prices in a multiperiod setting,
and implies the variability of futures prices is higher in those periods
when relatively large amounts of supply and demand uncertainty are re-
solved. Within this state-variable framework, the Samueison hyjjothesis
becomes a special case in which uncertainty resolution increases as the
contract nears expiration.

The study of agricultural commodities allows the state-variable hy-
pothesis to be distinguished from the maturity effect hypothesis because
tbe resolution of uncertainty is expected to follow a strongly seasonal
pattern. Anderson (1985) studied nine commodities from 1966-1980
and provided support for the maturity effect, but found the seasonal effect
is a more important determinant of futures price volatility. Kenyon et al.
(1987) reached a similar conclusion in their study of corn, soybeans, and
wheat futures.

Given the limited number of commodities analyzed and the mixed
results of prior studies, this article casts new light on the maturity effect
by e.xamininga more extensive set of commodities, including grains, other
agriculturals, livestock, energy, metals, stock indexes, interest rates, and
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foreign currencies. Further, the futures contracts for this extensive set of
commodities cover a longer period than previous studies, and an alter-
native methodology is used to control for tbe various sources of nonsta-
tionarity discussed above.

DATA AND METHODOLOGY

The data analyzed in this study consist of daily settlement prices for fu-
tures contracts that expired during the years from 1969 through 1992.
The data are from Tick Data, Inc., a commercial vendor of futures data.
Over 500,000 daily prices are available for 4111 futures contracts on 45
commodities. Table I provides descriptive information for each commod-
ity, including the beginning year of futures price availability, the number
of contracts analyzed, and the possible expiration months for the futures
contracts.

Due to the tremendous growtb of the futures markets in recent years,
the daily settlement prices analyzed necessarily include more observations
from the recent past. For example, wheat and soybean futures have been
traded on the Chicago Board of Trade (CBOT) since 1969, but futures
on tbe S&P 500 index began trading in 1982. Trading in liquid propane
futures began in 1987. Further, because agricultural commodities are so
numerous and began trading fairly early in the analysis period, they ac-
count for the largest portion of the contracts studied.' As shown in Table
I, agricultural commodities represent 2506 contracts or 61% of tbe sam-
ple, while energy and metals commodities represent 11% each, and fi-
nancial commodities form the remaining 1 7% of the sample. Finally, Ta-
hle I indicates the commodities analyzed have a wide variety of possible
contract montbs. For example, corn futures contracts can expire in the 5
months of Marcb, May, July, September, and December. In contrast,
crude oil futures contracts can mature in all 12 months of the year.

For each futures contract for each commodity, daily settlement prices
are used to calculate daily futures returns and monthly variances of these
returns for each of the six months preceding the expiration month of the
contract. Analysis is limited to the six montbs preceding expiration be-
cause, for most commodities, open interest is low and trading volume is
thin in periods long before maturity. In some cases, settlement prices may
be "stale" even when they represent actual trade prices; and, in other
cases, a settlement committee, rather than market forces, determines set-
Barley, flaxsccd. rapeseed, and rye are Ciinadian (Winnipeg;) commodities. Winnipeg conducts the

only barit'y and rye futures markcfs in llie world, iind ihc only flaxseed futures market in North

America.



Maturity Effect 813

TABLE I

Descriptive Information on Sample

Commodity Type

Grains and oilseeds
Wheat—Chicago
Wiieat—Kansas City
Wheat—Winnipeg
Wheat-Minneapolis
Soybean
Soybean oil
Soybean meal
Corn
Oats
Barley
Flaxseed
Rapeseed
Rye
Rough rice

Total

Other agricultural
Cocoa
Coffee
Sugar
Orange juice
Cotton
Lumber

Total

Livestock
Feeder cattle
Live cattle
Live hog
Pork bellies

Total

Energy
Crude oil
Heating oil
Unleaded gas
Liquid propane

Total

Metals
Gold
Silver
Paiiadium
Platinum
Copper

Total

Beginning Year
of Price Data

1969
1976
1980
1981
1969
1969
1969
1969
1974
1980
1981
1980
1980
1986

1980
1974
1973
1973
1972
1973

1977
1976
1970
1970

1983
1979
1985
1987

1975
1973
1983
1973
1972

Number of
Contracts

121
84
65
62

169
194
194
121
92
65
60
61
60
36

1384

61
99

112
121
102
115
610

127
107
162
116
512

116
158
96
62

432

112
122
42
82

107
465

Possihle Contract Months

3,5,7,9,12
3,5,7,9,12

3,5,7,10,11,12
3,5,7,9,12

1,3,5,7,8,9,11
1,3,5,7,8,9.10,11,12
1,3,5,7.8,9,10,11,12

3,5,7,9,12
11

1,3,6.9,11
3,5,7,10,11,12

1,3,6,9,11
3,5,7,10,12
1,3,5,7,9,11

3,5,7,9,12
3,5,7,9,11,12

1,3,5,7,9,10
1,3,5,7,9,11
3,5,7,10,12
1,3,5,7,9,11

1,3,4,5,8,9,10,11
1,2,3,4,5,6,8,9,10,11,12

2,4,6,7,8,10,12
2,3,5,7,8

1,2,3.4,5,6,7,8,9,10,11,12
1,2,3,4,5,6,7,8,9,10,11,12
1,2,3,4,5,6,7,8,9,10,11,12
1,2,3,4,5,6,7.8,9,10,11,12

1,2,3,4,6,8,10.12
1,3,5,7,9,12

3,6,9,12
1,4,7,10

1,3,5,7,9,10,12
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TABLE 1 (Continued)

Descriptive Information on Sample

Commodity Type

Slock index
S&P 500
Major market
NYSE Composite

Total

Interest rate
Eurodollar
T-bJII
T-bond

Total

Currency
Australian dollar
British pound
Canadian dollar
Deutschemark
Japanese yen
Swiss franc

Total

Beginning Year
of Price Data

1982
1985
1982

1982
1976
1978

1987
1975
1977
1975
1977
1975

Numher of
Contracts

44
79
44

167

44
69
62

175

25
71
64
71
64
71

366

Possihle Contract Months

3,6,9,12
1,2,3,4,5,6,7,8,9,10,11,12

3,6,9,12

3.6,9.12
3,6,9,12
3,6,9,12

3,6,9,12
3.6,9.12
3,6,9,12
3,6,9,12
3,6,9,12
3,6,9,12

tlement prices. As for the expiration month itself, trading volume typically
decreases as expiration nears because traders close their positions to avoid
making or taking delivery of the commodity. Again, in such thin markets,
settlement prices may not represent actual market prices. To avoid the
problem of thin markets and potentially unrepresentative prices, analysis
of the variance of futures returns is limited to the six months preceding
the expiration month, yielding approximately 120 to 123 days of settle-
ment price data per futures contract.

Calculating the return for a futures position is problematic because
a futures position requires no investment. Following most prior studies,
the return for futures contract j on day t in the feth month before expi-
ration, Fifc,(, is calculated as the proportional change in the settlement
price from day (— 1 to day (:

(1)

where Sjj^ ^ is the settlement price for futures contract j on day t in month
fe (fe = 1 to 6). The volatility of the daiK returns for contract, j , in month
fe, oj_^, is calculated using the statistical estimator of variance:
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a/, = i '̂ ^̂ '̂  ^••'^ (2)

where M; ^ is the number of obser\'ations for contract j in month k and
Fjj^ is the arithmetic average of the daily futures returns for contract j in
month k.

To examine the maturity effect in a univariate setting, the monthly
variances are used to determine the percentage of contracts for which
the futures price volatility in a given month before e.xpiration is larger
than the volatility in the prior month. This pattern is expected if a ma-
turity effect exists. Ratios of the monthly variances are formed also and
F-tests are performed to find the percentage of contracts with signifi-
cantly larger variances nearer maturity as well as further from maturity.

In a multivariate setting, the maturity effect is investigated by per-
forming the following ordinary least squares (OLS) regression for all con-
tracts available for each of the 45 commodities:

^Ik = a + IJk + ;'C7,?6.mon,h + £ (3)

where afj^ is the volatility of the returns for futures contract j in the feth
month before expiration of the contract; k is the time (in months) re-
maining for contract j to mature; and 0}̂ .6-month '^ the variance of futures
returns for contract j over the entire six-month period. This last variable
is included in the model as a control variable because, in general, a given
month's returns volatility is expected to be higher if the overall volatility
of returns in the six months before maturity is higher, i.e., the expected
sign on }' is positive. Thus, the overall volatility variable controls for the
year effect, i.e., general conditions prevailing over an extended period
before maturity. If a maturity effect exists for futures returns volatility,
the expected sign on ^ is negative. For each commodity, conventional i-
statistics test the null hypothesis of no maturity effect, (fi = 0), as well
as the null hypothesis of no year effect, {y = 0).

Milonas (1986) controlled for the year effect, as well as the calendar-
month and contract-month effect, by normalizing each monthly variance
of logarithmic price changes for a given contract and commodity by the
geometric average of the monthly variances across all contracts open for

^In referring to a year effect, it is not presumed that there is something special about the volatility
in a particular calendar year. Rather, in referring to the year effect, the differences in volatility that
may characterize extended periods over the life of a contract are noted. Although Milonas (1986)
referred to the year effect," his normalizing procedure made it clear he was not referring to a par-
ticular calendar year as having a special influence on volatility.
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trading for the given commodity."* In this study, the contract-month and
calendar-month effects are controlled for explicitly by extending the OLS
regression in eq. (3) as follows:

II

where GJ^^, k, and f7,"5.nionth ^^e as defined previously; Cjf^j are dummy
variables for the contract month; and Mj.fe.,,, are dummy variables for the
calendar month. The intercept is omitted because a dummy variable is
included for each of the possible contract months for a given commodity.
For example, as shown in Table I, a Chicago wheat futures contract can
mature in March, May, July, September, and December; thus, five dummy
variables, {i = 3, 5, 7, 9, 12), control for the contract-month effect.
Eleven dummy variables represent the 12 possible calendar months. Once
again, a conventional f-statistic tests the null hypothesis of no maturity
effect, (/? = 0), and the null hypothesis of no year effect, (}' — 0). Placing
linear restrictions on the model in eq. (4) creates joint and individual
tests of the contract-month effect and the calendar-month effect. For
example, to test For contract-month and calendar-month effects jointly,
(HQ: Si = 0, 0,,, — 0 V (,m), an F-statistic is created from the error sum
of squares of the full model in eq. (4) and the restricted model in eq. [i)
as follows:

iSSEjR) SSE(F))/r
SSE{F)/{n - v) ^ '

where SSE(R) is the error sum of squares for the restricted model; SSE(F)
is the error sum of squares for the full model; r is the number of restric-
tions in the null hypothesis; n is the number of observations; and v is the
number of independent variables in the full model.

EMPIRICAL RESULTS

Tables II and III present the results of the univariate analysis of the ma-
turity effect. For each commodity category, Table II reports the percent-

sludy focuses on the last six months of trading before the delivery month for all commodities.
This approaeh contrasts with Milonas' procedure, in which he used as many as _iS months of price
data for a single contract. Because Milonas normaii/ed variances using a geometric averaging pro-
cedure, his technique necessarily involved using considerable data from lhe back months, in which
trading is limited and prices are, perhaps, unrepresentative. Beeause this study includes data lor only
the six months preceding expiration, Milona.s' approach to normalize variances eannot he used. As
the results summarized later in this article indicate, the two different methodologies reach eonelu-
sions that are basically in agreement.
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Commodity Type

Grains and oilseeds
Other agricultural
Livestock
Energy
Metals
Stock index
Interest rate
Currency

Total

Comparison

Number of
Contracts

1384
610
512
432
465
167
175
366

4111

TABLE II

of Monthly Variances

Percentage of Contracts Following Maturity Effect

51.2
49.3
50.0
51,6
45.2
4 0 7
4 5 7
56.6

50.0

51.6
53,0
54.5
53,2
48.0
24.6
54.3
42.1

50.1

\>al

48.6
53.1
53.1
51.9
48.2
49.1
52.6
44.8

50.0

54.5
4 9 7
52.5
54.6
48.8
64.1
41.7
5 5 7

52.9

51.1
53,0
45 9
56,7
49,3
40.7
41.1
40.2

49.3

Rule

1-3 > CT4_6

54.7
63.3
61.7
56.5
48.6
62.3
39.4
51.4

55.7

age of contracts for which the futures returns variance in a given month
hefore expiration is larger than the variance in the previous month, as
would he expected if a maturity effect exists. For example, for grains and
oilseeds, 51% of the 1384 contracts analyzed have a variance in the fifth
month hefore maturity greater than the variance in the sixth month hefore
maturity. For energy commodities, 57% of the 432 contracts have a var-
iance in the first month hefore expiration greater than the second month
before expiration. A similar comparison is made for the returns variance
in two subperiods: months one to three hefore expiration versus months
four to six hefore expiration. For example, only 39% of the 175 interest
rate contracts have a returns variance in the three months immediately
hefore maturity that is greater than the variance in the previous three
months. The last row of Tahle II indicates anywhere from 49% to 56% of
the contracts across all commodity types hehave as expected under the
maturity effect hypothesis. Thus, the maturity effect appears to be a mod-
est feature of the market; however, the effect may he more important for
some commodities than for others, especially for other agricultural, live-
stock, and stock index futures, as illustrated hy the last column of Tahle
II. Further, the true importance of the maturity effect may be more fully
revealed after controlling for the effects of year, calendar month, and
contract month, as discussed helow.

Although the analysis in Tahle II may indicate one monthly variance
is greater than another, the difference between the two variances may be
statistically insignificant. To address this issue, Tahle III reports the per-
centage of contracts in each commodity category with variance ratios
significantly greater than one (a = .05) hased on a conventional F-test.
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Panel A: Larger Variances Nearer to

Commodity Type

Grains and oiiseeds
Other agricultural
Livestock
Energy
Metals
Stock index
Interest rate
Currency

Total

Numher of
Contracts oi

1384
610
512
432
465
167
175
366

4111

F-Tests

Maturity

TABLE III

for Variances Ratios

Percentage of Contracts with

'M > ' '
17.2
14.4
13.7
10.7
14.0
15.0
12.6
21.3

15.4

aih^ > 1

16.0
13.8
13.9

9.5
12.7
7.2
9.7

12.0

13.4

Panel B: Larger Variances Furtlter from Maturity

Commodity Type

Grains and oilseeds
Other agricultural
Livestock
Energy
Metals
Stock index
Interest rate
Currency

Total

Numher of
Contracts a;

1384
610
512
432
465
167
175
366

4111

a\/al > I <

16.1
16.1
13.7
10.2
13,1
3,6

12.0
14.8

14.0

Percentage of Contracts ultb

'M > 1

12.8
13.3
9.8

10.0
15,1
4.2

13,7
11.8

12.0

o^/oi > (

13,4
7,4
8.4
9.3

12.9
14.9
15.4
17,8

11,9

ff^/ffi > / .

14.0
11.6
5.9
6.6

14.0
8.3
9.7

16.1

11.9

Significant

Ĵ /ô  > J (

18,6
13,3
12.7
8.6

14.4
15.6
10,9
21,0

15.3

Significant

ai/ai > i *

10.1
7.5
7.0
8.1

12,3
3.6

15.4
9,8

9.3

(a = .OS)

ri/wi > i

16,0
17.4
8.2

12.0
13.1
6.0
4,6

11.5

13.2

(a = .05)

T|/of > ;

13.5
12.1
9.4
8.6

14,8
14,9
20.0
16.9

13.1

F-Ratios

oT-3/«i/. > i

33,4
33,4
30.9
22.2
21.3

7.2
18.9
24.3

28.1

F-Ratios

<ytM-^ > '

22,2
12.0
11.3
13.2
23.4
12.5
33.1
26.0

18.9

Panel A examines those contracts with significantly larger variances
nearer to maturity, as expected under the maturity effect hypothesis. For
example, for grains and oilseeds, 17% of the contracts have a variance
ratio significantly greater than one when comparing month five to month
six before maturity. For livestock and interest rate commodities, 31% and
19%, respectively, of the variance ratios are significantly greater than one
when comparing the three months immediately hefore maturity to the
previous three months. Across all commodities for this same time com-
parison, 28% of the contracts behave as expected if a maturity effect
exists.

Panel B of Table III examines those contracts whose variance ratios
indicate higher volatility further from maturity, a pattern directly opposite
to that predicted by the maturity effect. For example, for livestock com-
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modities, while Panel A indicates 31% of the contracts behave in accor-
dance with a maturity effect, Panel B indicates 11% of the contracts have
variance ratios significantly greater than one when comparing the three
months furthest from maturity to the three months closest to maturity.
Across all commodities, ]9% of the variance ratios exhihit this hehavior
in direct contrast to a maturity effect. Thus, just as in Table II, there
appears to be only some tendency for variances to be larger closer to
expiration and for this pattern to be stronger for some commodities than
for others.

Because the univariate evidence indicates the maturity effect is
merely a modest feature of the market, the maturity effect hypothesis is
examined in a multivariate setting to control for influences such as the
year effect, i.e., general conditions in areas such as the weather and pol-
itics prevailing for an extended time before maturity. Table IV presents
the results of the OLS regression in eq. (3) for each of the 45 commod-
ities. The table reports the coefficient estimates and the associated t-
statistics, as well as the numher of observations and the adjusted R^ for
each regression."*

In Tahle IV, the f-statistics for the test of the null hypothesis of no
year effect, {y = 0), indicate the null hypothesis is rejected for all 45
commodities. Further, all the estimates of y are positive as expected, that
is, the monthly variance of futures returns increases as the variance in
the six months before expiration increases, holding all else constant. This
result supports a year effect in which general conditions can affect supply
or demand over an extended period, and agrees with Milonas and Vora
(1985), who found a year effect for five agricultural commodities. Khoury
and Yourougou (1993) investigated six Canadian grains and reported a
year effect for those commodities not subject to intervention hy the Ca-
nadian Wheat Board.

Table IV also reports estimates of the coefficient on the time-to-
maturity variable, fe, and the associated (-statistics for the test of the null
hypothesis of no maturity effect, {^ = 0). The null hypothesis is rejected
at approximately the .05 level for 8 of the 14 grains and oilseeds (Chicago
and Winnipeg wheat, soybean complex, oats, flaxseed, rye), for all other
agricultural, livestock, and energy commodities, and for one metal (cop-
per) and one stock index (major market) commodity. For each of these

•'When the overall vojiiiitiiy viiriable, af^ -̂nmnih • 's omiitcd from the regression equation, the adjusted
R values decrease, and the reniiuning cocfficifnt estimates increase in absolute value, but the signs
and significance levels of the toenicient eslimales are similar lo those reported in Table IV.
''Interestingly, only tvvn ol the four wheat fuLures (Chicago and Winnipeg) show a signilicant maturity
effect. Also, ol tbe metals, copper Is the commodity whose prices behave lhe least like a precious
metal.
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TABLE IV

OLS Regression Results
Regression Model: af^k = a + (ik -i- y crj\6-monih +

Commodity Type

Grains and oilseeds
Wheat—Chicago
Wheat—Kansas City
Wheat—Winnipeg
Wheat—Minneapolis
Soybean
Soybean oil
Soybean meal
Corn
Oats
Barley
Flaxseed
Rapeseed
Rye
Rough rice

Other agricultural
Cocoa
Cotfee
Sugar
Orange juice
Cotton
Lumber

Livestock
Feeder cattle
Live cattle
Live hog
Pork bellies

Energy
Crude oil
Heating oil
Unleaded gas
Liquid propane

Metals
Gold
Silver
Palladium
Platinum
Copper

Stock index
S&P 500
Major market
NYSE composite

a

.00003307

.00001488

.00001602

.00001356

.00004491

.00002884

.00006442

.00001350

.00009752
,00001252
.00002393
.00002946
.00004598

-.00000125

.00007766

.00011620

.00030750

.00004466

.00003347

.00002466

.00001411

.00002249

.00001666

.00009433

.00017660

.00010460

.00013470

.00027820

.00001914

.00002218

.00014020

.00002882

.00002692

.00000421

.00011680

.00000586

2.78
1.03
1.21
1.09
2.96
2.31
3.39
1.30
4.94
0.72
1.56
2.06
2.33

-0.06

2.94
4.96
4.52
2.75
3,21
1,48

3.21
4.04
1.77
5.19

3.20
3.24
3.07
2.83

1.13
1.08
3.70
1.14
1.60

0.06
2.53
0.08

- .000008750
- .000004474
- .000005358
- .000003387
-.000011580
- .000007370
-.000016420
-.000003183
- .000020280
-.000004146
-.000006190
- .000004938
-.000012080
-.000000919

-.000021500
-.000031900
-.000091980
- .000009300
- .000008931
- .000007875

-.000003872
- ,000005433
-.000004019
- .000026750

- .000052280
- .000030950
- .000038580
-.000068140

- .000005825
- .000004021
-.000009815
-.000007818
-000007167

-.000001598
- .000030300
-.000002187

-3.21
-1.41
-1.87
-1.20
-3.31
-2.69
-3.60
-1.32
-5.37
-1.08
-2.09
-1.70
-3.12
-0.18

-4.64
-6.67
-6.41
-2.81
-3.97
-2.21

-4.23
-4.69
-1.98
-8,32

-3.89
-4.01
-3.76
-2.85

-1.46
-0.90
-1.15
-1.40
-1.93

-0.08
-2.60
-0.12

?

.94643

.95566

.96256

.90364

.92154

.93950

.92427

.92789

.84274

.96206

.92911

.82180

.89909

.94961

.95508

.92591

.97457

.87085

.94292

.96407

.95057
,90420
.93819
.94840

.98895

.94821

.93499

.71666

.93433

.91531

.53819

.93976

.94555

.95737

.44769

.95481

36.37
14,67
14.11
13.10
30.26
46.70
42.37
31,72
17.66
13.47
12.82
12.48
11.49
19.29

16.08
18.76
19.85
18.61
30.86
21.99

31.21
28.26
40,46
28.33

22.43
24.90
19.21
12.63

26.82
31.29
9.74

26.19
33.70

8.00
9.68
8.02

N

726
504
390
372
1014
1164
164
726
552
390
360
366
360
216

366
594
672
726
612
690

762
642
972
696

696
948
576
372

672
732
252
492
642

264
474
264

.648
,303
.344
.319
.477
,653
,608
,581
.381
.317
.317
.300
,280
,633

.435

.399

.392

.327

.613

.416

.565

.561

.628

.556

.426

.401

.399
,309

.517

.572

.273

.583

.640

.191

.172

.192
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TABLE IV (Continued)

OLS Regression Results
Regression Model: afj^ = a + pk + y o"j>-m»>nth +

Commodity lypc N fi'

Interest rate
Eurodollar
T-bill
T-bond

Currency
Australian dollar
British pound
Canadian dollar
Deutschemark
Japanese yen
Swiss franc

-.00000018
.00000007
.00000152

.00000659
- .00000228

.00000014

.00000048
-.00000177

.00000289

-0.72
0.32
0.33

1.11
-0.56

0.16
0.12

-0.36
0.60

.000000105
- .000000021
- .000000581

-.000001341
.000000643

- .000000070
-.000000145

.000000619
- .000000548

1.75 .77513 15.27 264 .471
-0.42 .95185 44.70 414 .829
-0.57 .96439 27.50 372 .670

-1.15 .84590 7.98 150 .297
0.77 .95510 19 29 426 .466

-0.43 .96792 12,43 384 .285
-0.19 .95204 17.61 426 .420

0.72 .93704 12.41 384 .285
-0.62 .93806 17.21 426 .409

commodities, the sign on ^ is negative as expected, that is, the monthly
variance of futures returns increases as the time to maturity decreases,
holding all else constant. In fact, only 3 of the 45 commodities have
positive estimates of ̂ , and these 3 estimates are insignificantly different
from zero.

The last column of Table IV reports the adjusted R^ for each com-
modity's regression. The reported values show the model in eq. (3> has
good explanatory power for all but the stock index commodities. Overall,
the results in Table IV indicate the year effect is significant for all com-
modities, and after controlling for this effect, the maturity effect has a
significant influence on the volatility of futures returns for some, but not
all, commodities. The affected commodities are those that experience
seasonal demand or supply (agriculturals and energy), but not those for
which the cost-of-carry model works well (precious metals and
financials).

Besides the year effect, another source of nonstationarity in futures
prices is the contract-month effect, which refers to random shocks to
futures prices arising because futures contracts mature in different
months relative to, say. harvest time. A further source of futures price
volatility is the calendar-month effect, which refers to the seasonality
within a year of the demand for or supply of a commodity. The effects of
contract month and calendar month are controlled for and tested by ex-
tending the regression analysis as shown in eq. (4). Table V presents
coefficient estimates and t-statistics from the extended regression in eq.
(4). The table also reports F-statistics from eq. (5), as well as the asso-
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ciated p-values, for individual and joint tests of the effects of contract
month and calendar month.

The F-statistics and p-values for the test of the null hypothesis of no
contract-month effect, {(5j = 0 V i), indicate the null hypothesis is re-
jected, in general, for agricultural commodities, but not for energy, met-
als, and financial commodities. This result is expected hecause agricul-
tural commodities are the only commodities with a crop cycle and with
futures contracts that mature in months before the harvest. These find-
ings agree with Milonas and Vora (1985), who reported evidence of a
contract-month effect for five agricultural commodities. However,
Khoury and Yourougou (1993) concluded the contract month affects only
one Canadian grain (barley).

Similar to the results for contract month. Table V shows the null
hypothesis of no calendar-month effect, (O^, = 0 V m), is rejected for
nearly all agricultural commodities. Again, these results agree with Mil-
onas and Vora (1985). Anderson (1985) also found evidence of season-
ality in seven of eight agricultural futures, and Khoury and Yourougou
(1993) found such evidence for four of six Canadian grains and oilseeds.

Unlike the contract month, the calendar month is also an important
source of futures returns volatility for energy and stock index commodi-
ties. The general results of the test for a calendar-month effect are as
expected because agricultural and energy commodities are the commod-
ities that experience seasonal supply or demand. When the effects of
calendar month and contract month are tested jointly, the results gen-
erally agree with the individual tests.

After controlling for other sources of nonstationarity in futures
prices. Table V indicates the overall variance of returns in the six months
before expiration continues to have a significant and positive relationship
to the monthly returns variance for all 45 commodities. Again, this result
supports the presence of a year effect in which general conditions over
an extended period before maturity can affect supply or demand for a
commodity.

Concerning the maturity effect, the results from the extended re-
gression in Table V generally agree viath the results in Table IV. The es-
timates of the time-to-maturity coefficient {fi) and the associated (-statis-
tics indicate a significant negative relationship between time-to-maturity
and futures returns volatility for nine of the grains and oilseeds (Chicago
and Winnipeg wheat, soybean meal, corn, oats, barley, flaxseed, rapeseed,
rye). Similar to these findings, Castelino and Francis (1982) and Milonas
(1986) reported a maturity effect for wheat and the soybean complex, but
Milonas rejected a maturity effect for corn. Khoury and Yourougou (1993)
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found support for a maturity effect in wheat, barley, flaxseed, and rye, as
well as two other Canadian grains.

Table V also shows a significant maturity effect for all commodities
in the other-agricultural category, for two of the four livestock commod-
ities (feeder and live cattle), for all the energy commodities, and for cop-
per and the major market stock index. Similar to these results, Anderson
(1985) concluded the maturity effect is significant for live cattle and co-
coa, but not for silver. Milonas (1986) found a maturity effect not only
for copper, but also for the precious metais of gold and silver. Unlike the
results reported in this study, Milonas (1986) found support for the fi-
nancial commodities of Treasury bills and bonds. Barnhill, Jordan, and
Seale (1987) found a maturity effect for Treasury bonds as well; however,
when they used a sequence of dummy variables to represent time to ma-
turity, the first dummy variable for the period from 91 to 273 days before
maturity was negative but insignificantly different from zero.

Examination of the estimates of/f in Tabie V also reveals only four
of the 45 estimates are positive, and these estimates are insignificantly
different from zero. Thus, after controlling for several sources of nonsta-
tionarity, it appears the volatility of futures prices for certain commodities
increases as the time to maturity decreases. Specifically, time to maturity
significantly affects futures price volatility for commodities that experi-
ence seasonal demand or supply, such as agriculturals and energy, but
not commodities for which the cost-of-carry model works well, such as
precious metals and financials.

SLMMARY AND CONCLUSIONS

This article examines the issue of volatility in futures prices and investi-
gates the maturity effect, a source of nonstationarity in futures prices
arising because prices of futures contracts closer to expiration react more
strongly to new information about the underlying commodity than do
prices of contracts further from expiration. The dataset includes over
500,000 daily settlement prices from the period, 1969-1992, for 4111
contracts on 45 commodities. The contracts analyzed are drawn from
both physical (agricultural, energy, and metals) and financial (stock index,
interest rate, and currency) commodities.

Monthly variances of daily futures returns are formed and, across all
commodities, approximately 50% of the contracts are found to have a
returns variance in any given month that is greater than the returns var-
iance in the previous month, as would be expected if a maturity effect
exists. When ratios of the variances are formed to assess the significance



Maturity Effect 827

of these differences over time, the results are less supportive of a maturity
effect; however, the impact of time to expiration varies widely across com-
modity types.

A multivariate regression analysis yields much stronger support for
the maturity effect for several types of commodities. The regression anal-
ysis controls for other soUrces of nonstationarity in futures prices, in-
cluding the year effect, the calendar-month effect, and the contract-
month effect. The year effect, in which general conditions prevailing over
an extended period before maturity affect supply or demand, has a sig-
nificant influence on the volatility of monthly futures returns for all com-
modities. The contract-month effect is important for agricultural com-
modities, while the calendar-month effect is important for agricultural
commodities, as well as energy and stock index commodities. In general,
these results are as expected because agricultural and energy commodi-
ties are associated with crop cycles and seasonal supply or demand.

After controlling for these other sources of nonstationarity, the time-
to-maturity variable is found to have a significant negative relationship to
monthly returns variance for many of the agricultural commodities, for
all the energy commodities, and for copper. Time to maturity is not a
significant influence for the precious metals and for all but one of the
financial commodities. This study, therefore, concludes that the maturity
effect is an important source of volatility in futures prices for commodities
that e.xperience seasonal demand or supply, but not for commodities for
which the cost-of-carry model works well.
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