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ABSTRACT

LICUIDITY, PRICE VARIABILITY, AND STORAGE ASYMMETRY:
A STUDY OF THE BEHAVIOR CF PRICES IN FUTURES MARKETS

by
MNikolaos T. Milonas
Rdviser: Professor Ashok Vora

The hypothesis that price variability increases as time
to maturity nears provides the rationale for the so-called
*maturity effectv, with important implications on futures
price behavior. Essay I derives the theoretical basis for
this effect in 1line with Samuelson's (1965) arguments and
investigates various non-stationary sources 1in spot and fu-
tures prices in three major futures markets: agricultural,
financial and metals. In addition, it explores the hypothe—
sis that near and distant contracts from maturity exhibit
different price variability.

The results in Essay I support the following statements:
(1) Cyclical movément of prices is the essence in commodity

markets. The "month effect" is well dccumented in the com-
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modities examined. (2) The non-stationary nature of the
spot price generating process makes variances across years
change randomly. Clearly, there is evidence of the “year
effectv, (3) There is virtuvally no Ycontract month effect®
with financial futures, but there is with agricultural and
metal futures. (4 There is strong evidence that Samuel-
son®s hypothesis of the "maturity effectY cannot ke reject-
ed. (5) The behavior of price variability of far-maturing
contracts is commodity-dependent; we reject the hypothesis
that near and far-maturing contracts behave sirilarly, for a
given commodity.

Essay II of the study develops a common methodclogy with
which comnmodities from different markets could be compared.
Such comparison rests on a distinct source of illiquidity
that is associated with the physical nature of the commodi-
ties traded. The impossibility of bringing a future crop
into consumption today, renders a liquidity premium on near-
er contracts over far-maturing contracts. Hirshleifer
(1972) presents theoretically this issuve of illiquidity and
the problem cf physical storage with sorme emrirical implica-
tions. Since the issue of storage is not crucial for finan-
cial futures and precious metals, we do not expect liquidity
premium described above in this kind of futures markets.
Furthermore, the study of the different patterh"of price be-
havior and different response to new information in futures
markets will reveal the degree of Ystorage asymmetry" 1in

each market.
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ESSAY I: PRICE VARIABILITY AND LIQUIDITY IN
FUTURES MARKETS



Chapter 1
INTRODUCTION TO ESSAY 1

Fecent developments in futures markets have led market
participants to accept new futures contracts as an alterna-
tive tool in investment strategies. This growth of fhe fu-
tures markets tcday, is a good indication of the useful role
these new contracts are playing in allocating risk among a
large number of individuals.

From the second half of the 19th century, when they first
appeared in an organized form, futures markets - served the
interests of many distinct groups of people (e.g. farmers,
commercial firms, merchandisers, processors of commodities)
who wanted to hedge against adverse changes in prices of ag-
ricultural goouds. Speculators were among these groups of
people who had no particular interest in commodities but
were taking cpposite positions in anticipation of gains from
price changes.

Conmodity price instability is essential for a successful
market to exist. JOver the last ten years we have seen the
initiation of futures trading in a variety of goods ranging
from metals (gold) to financial instruments such as Treasury
securities (bills, bonds and notes), commercial paper:@wfor—

eign currencies and stock indexes. Moreover, the use of fu-



3
tures markets has expande@ with the introduction cf options
on contracts. such as gold futures and Treasury bonds fu-
tures. :

The success of the new financial futures markets is at-
tributed to the same factors that rendered success to agri-
cultural commodities. On one hand, recent increases in in-
terest rate volatility created the need for hedging against
adverse changes in interest rates for a variety of fund-man-
aging institutions (banks, pension funds, insurance compa-
nies, mutual funds, money funds, corporations, etc.). Cn
the other hand, the possibility of gains from interest rate
changes attracted a large numnber of speculators.

The study of futures markets differs 1in many respects
from the study of spot markets, such as the stock of bond
markets. In a stock market there 1is a similar contract
(stcck) for all participating firms but wundexrlying firms
differ from cne another. In contrast, in futures markets
there are different contracts for different commodities and
in addition for the same comnmodity there are contracts that
differ in time to maturity. However, the underlying commod-
ity for delivery is homogesneous for a set of contracts irre-
spective of maturity. This characteristic forces futﬁres
and spot prices to bear a direct and strong relationship to
each other.

Research in futures markets is particularly concerned

with the relationship between spot and futures rprices and
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among various futures prices observed simultaneously. Ac-
cording to Werking (1948, 1949) the spread in futures prices
reflects the carrying charges (costs of storage, interest,
and insurance). Among other analysts, Brennan (1958) hy-
pothesized another factor in the spread, the so called risk
premium. This is theoretically valid in the context of the
liquidity theory of Hicks (1946). In an empirical study,
Dusak (1973) finds no such premium to exist in the commodi-
ties marketse. But others (Bodie and Rosansky (1980)) find
a presence of risk premia for the 23 comrodities examined.
Among the studies that deal with the “Ymaturity effect" is
Samuelson's seminal paper in 1965, He offers a theoretical
basis for increasing price variability as contracts approach
maturitye. Recent empirical evidence by Castelino (1981),
Castelino and Francis (1982) and Anderson (1982) strongly
support Samuelson'’s argumente. Samuelson's hypothesis has
intuitive appeal since he argues that ccntracts far from ma-
turity react weakly to new information because there is am-
ple time for the uncertainty to resolve before maturity.
Conversely, a contract near to maturity reacts strongly to
new information since at maturity the futures price must
equal the spot price. However, in this context Samuelson's
hypothesis is in sharp contrast to Working’'s. Working
(1942, 1948, 1949) argues that intertenporal §ﬁreads in fu-
tures prices resuit from current levels of 1inventories and

not from events anticipated in later reriods. Therefore,
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the impact of new information will be impounded equally in
all spot and futures contracts irrespective of the time to
maturity.

The behavior of price variability is alsoc linked with
trading activity. Telser and Higinbotham (1977) and Telser
(1981) argue that the standard deviation of market clearing
prices is inversely related to the volume of trade. This
result can be attributed to the market information which in-
creases with the number of market participants. Cox (1976)
substantiates this argument by reporting that an increase in
the number of persons with interest in a contract tends to
create a ligquid market. 1Illiquid markets are present in the
first few months of the opening of a new contract (due to
low open interest). Research has suggested that priceAvari-
ability is higher for securities with thin markets than with
liguid ones (Cohen et.al. (1976), Cohen et.al. (1978)).

The objective of this study is to investigate the sources
and patterns of price variability in various futures mar-
kets. It ains to explain price variability from the opening
of a contract until its maturity, in three basic futures
markets: agricultural, financial and metals. The study,
which is based on Samuelson's argument, provides evidence on
the following issues:

(1) Non~-stationary shocks in spot prices. Random shocks on
the demand or supﬁly in the produét markets, affect differ-

ently the year-to-year variability of srot and futures pric-



6
es. These year-to-year differences in the price variability
produce a non-stationary factor known as “calendar year ef-
fect", or simply Yyear effect". Similar shocks within a
year due to seasonality of mainly the supply are captured in
the form of different monthly price variability. This
source of seasonality is known as the Ycalendar month ef-
fect", or "month effect" for simplicity.

(2) The vYcontract month effect™ in futures prices. In fu-
tures prices there is another source of non-staticnarity in
addition to the two mentioned above. This random shock
which we call VYcontract month effect", 1is associated with
the fact that futures contracts mature in different calendar
monthse. |

(3) "The maturity effect". The hypothesis of the increasing
price variability as the futures contract nears maturity, is
statistically tested after the non-stationarity in prices is
controlled.

(4) Price variability in distant months. Ve finally test
whether distant contracts exhibit higher variability than
suggested by the "maturity effect" hypothesis. This hy-
pothesis rests on findings in the stock markets that thinly
traded securities exhibit higher variability than liquid se-
curities. In futures markets liguidity can be measured with
open interest or volume of trade. The relatively low levels
of open interest .during the first few nmonths of the opening

of a contract, suggests the presence c¢f 1illiquid markets.
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This might be associated with higher variability -than im-
plicit in the maturity effect hybothesis.

The organization of Essay I is as follows: In chapter 2
we review the literature and the major issues in futures
markets with implications on futures price variability.
Next, in chapter 3 we present the model as the basis for the
“maturity effect" and discuss its properties and 1limita-
tions, Chapter 4 describes the data used in this study and
presents some statistical considerations. In chepter 5 we
provide empirical evidence on the existence of the non-sta-
tionary shocks in spot prices. The use of descriptive sta-
tistics and a parametric test as well as the methcdology of
normalizing futures variances are presented in chapter 6.
The evidence on the "contract month" effect and the "méturi-
ty effect® hypothesis are also presented in chapter 6. The
issue of the price variability in thin markets 1is the sub-
ject of chapter 7. Chapters 8 and 9 present evidence on the
relationship of volume and open interest with time to matur-
ity and of the thinness-related price variability hypothe-
sis. Chépter 10 concludes Essay 1 with some implications of

these results on futures markets.



Chapter 2
REVIEW OF THE LITERATURE

A futures contract is a promise to deliver a specified
gquantity of a given commodity, on a specific guture date.
Every day such contracts are traded on futures exchanges.
We can observe, at a specific moment in time, for every
traded commodity a cash price guotation (for immediate de-
livery) and a series of futures price quotations. Demand
for and supply of a contract determine the price level of
that futures contract. However, what affects demand for and
supply of futures contracts and how infcrmation about future
events is transmitted into futures prices are two closely
related issues which have generated a debate with three ma-
jor positions.

(1) The first position was taken by Working who expressed
the traditional view of factors that affect the demand for
and supply of agricultural commodities. Holbrock Working
(1942, 1918, 1949), a pioneer in futures markets research,
has repeatedly argued that the constellation of futures
prices is solely determined by the existing levels of inven-
tories and not by expectations regarding future events (e.g.
crop yields, incoﬁe, consumption shifts). The fact that the

price of one contract is greater than the price of another,
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is attributed to the cost‘of carrying that commodity between
the two delivery dates. Since he precluded expectations on
future events from being idborporated in far-maturing con-
tracts, he was reluctant to view futures prices as forecasts
of future events to occur before and up to maturity. In
this way =all futures and cash prices respond «qgually upon
the new information. 7To state Working®s argument different-
ly, the whole spectrum of prices does not exhibit any dif-
ferential reaction to the new information. In Tomek and
Gray's (1970) terminology, 'Yprices of futures six months
from maturity, one month from maturity and cash prices are
all v"forecasts" or "nonforecasts" in approximately the sanme
degree. +.+0f course, unforeseen developments occur between
futures expiration dates. The new but unpredictable infor—
mation may indeed change expectations, but this is reflected
in the entire constellation of prices".!

A rejection of Working's conclusion both on theoretical
and empirical grounds was advocated by Weymar (1968). He
noticed that Working is right only if the time interval be-
tween various futures prices is not long enough (two to
three months) to allow for change in expectations of inven-
tory levels. However, in his empirical tests he used cécoa
as a case study and his findings may very well have revealed
some special characteristics of this commodity rather than

disputing working‘s hypothesis.

! Tomek and Gray (1970), page 139.
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Tomek and Gray (1970) tried to refine Working's concept
of the price of storage. vThey view the price of the distant
futures as a forecast of the forthcoming spot price. This
clearly is not inconsistent with Working's hypothesis and is
gquite true in these kinds of futures contracts in which
there are no continuous inventories (e.g. potatoes). They
tested whether the cash price at harvest time is closely re-
lated to the futures price gquoted in springe. They found
that in inventory-hedging markets (corn, soybeans) the
springtime price is a good estimate of the postharvest price
ané near and distant futures contracts exhibit a high posi-
tive correlation. However, in a non-continuous inventory
market (Maine rpotatoes) ¥the expected oprice for the next
crop year is not related to current stocks", a result which
opposes Working's hypothesis. In fact in the non-~-continuous
inventory markets, prices of distant futures are not as
variable as cash prices. Blthough only three ccmmodities
are tested (with 17 observations for each) they do throw
some light on what we may expect in the behavior of futures
prices across comnodities of the same kind: (wheat-corn-soy-
beans-oats), (gold-silver-copper), (live cattle-live hogs-
pork bellies), (Treasury securities), as well as across fu-
tures markets such as agricultural, metals, and financial.
(2) The second approach was more recently'introduced by
Samuelson as a promising explanation of futures price behav-

ior. In his 1965 paper, YProof that Properly BAnticipated
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Prices Fluctuate Randomly", Samuelson advanced, on theoreti-
cal grounds,. the intuitive idea that futures contracts near
to maturity exhibit greater volatility than futures con-
tracts away from maturity. Indeed, on an intuitive basis,
futures contracts far from maturity represent greater uncer-
tainty to be resolved and therefore react weakly on a given
infecrmatione. The opposite is true with contracts close to
maturity. Since at maturity, the price of an expiring con-
tract must equal the prevailing spot price, nearer contracts
tend to respond strongly to new information so that the
price of an expiring futures contract will converge to the
spot price.

Starting from a general spot price formation process
where next period's spot price is not known but follows at
best a probability distribution, Samuelson deducts his main
Axiom of Mathematically Expected Price Formation where a fu-
tures price gquoted today rerresents a competitive bid for
the spot price expected to prevail at contract maturity.
Such a model postulates that futures prices on an average
will exhibit neither an upward nor a downward bias anywhere
and therefore their seguence will be a fair came (or martin-~
gale) . However, the seguence of futures prices exhibits in-
creased variability during the life of a contract. Such
systematic behavior of futures prices induced by the “matur-
ity effect" has important implications on risk-return char-

acteristics. Since riskiness is monotonically increasing
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towards maturity, the implied return of a futures.contract
should also . increase to compensate risk-averse market par-
ticipantse. Such a requirement imposes certain restrictions
on futures behavior similar in spirit with the Keynes~Hou-
thakker~Cootner ""normal backwardation¥ hypothesis. Samuel-
son, 1in a more general version of his theorem, provides
thecretical support on this disputed doctrine.

Samuelson®s argument has important implications for the
way spot and futures prices of contracts with different ma-
turities react to the arrival of new information. Whether
the information concerns current inventcry conditicns or ex-
pectations on the future 1level of inventories, contracts
close to maturity will tend to react more than contracts far
away from maturity. In other words, the entire coﬁstella—
tion of prices will systematically react to the advent of
new information. JOne can then examine the strength of such
reaction of each contract, holding maturity constant. Such
an investigation will enrich our understanding of the pro-
cess by which new information 1is incorporated intc spot and
futures pricese.

In an attempt to measure speculators' forecasting abili-
ty, Houthakker (1957) examined their skill in chocs:ng near
futures as opposed to distant ones. While his results are
not clear-cut, they are indicative of the factors influenc-
ing near contracts (magnitude and ownership of deliverable

stocks at the various terminals) and distant contracts (crop
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prospects, government policy, outlook of the economy). His
results have clear implications.' Since the factors that af-
fect futures prices of near and distant contracts are dif-
ferent, these contracts are expected tc behave differently.
Naturally, variability patterns is one aspect of behavior
this study is set to investigate.

More recently, direct empirical tests of Samuelson'®s hy-
pothesis provide additional evidence on the "maturity ef-
fectv, Rutledge (1976) shows that Samuelson®s result that
the variability decreases with time to maturity. is not a
general case. En alternative specification of the spot
price generating process can also result in increasing vari-
ability with time to maturity.? Using four commddities (sil-
ver, cocca, wheat and soybean meal), he tested the null hy-
pothesis that futures price variability is 1independent of
the time to maturity. Absolute value of logarithmic price
changes were used as a proxy of price variability. A three-
way contingency table grouping daily data by spot price
variability, futures price variability and time tc maturity
was applied to calculate goodness of fit based on Kendall
and Stuart test statistics. The Ymaturity effect® hypothe-

sis was rejected for wheat and soybean o0il, but not for sil-

—— - —

2 Indeed, Samuelson (1976) in his reply to Rutledge shows
that for autoregressive stationary processes of higher or-
der, futures price variability may temporarily reverse its
direction with time to maturity. However, with sufficient
distance from maturity, futures price variability will be
smaller compared with the variability of a contract close
to maturity.
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ver and cocoa.

Miller (1979) studied the matdrity effect on June and De-
cenmter live beef cattle contracts durinc the 1964-1972 peri-
od. While she used the logarithmic price changes as a proxy
for variance -as Rutledgs did- she calculated the .28-,.72
interfractile range as an additional measure. Employing the
standard correlation test between price variability and time
left to maturity, she accepted Samuelson's hypothesis of the
maturity effect. However, these results cannot be consid-
ered general since only one commodity is tested.

Castelino (1981) in a recent study of five agricultural
comrodities (wheat, corn, soybeans, soybean meal and soybean
0il) and‘one metal (copper) gives strong support to Samuel-
son's hypothesis. Monthly variances based on daiiy loga-
rithmic price changes are adjusted to take into considera-
tion the non-stationarity of the spot price cenerating
process and the associated effects in the futures markets
(calendar year and calendar nonth effect).3 Based on 12
years of data (1960-1971), he rejected the null hypothesis
that futures price variability is homogeneous across the
different times to maturity, for all tested commodities.

Castelino and Francis (1982) also rrovided evidence of
the "maturity effect", an underlying component of basis

risk. Based on Samuelson®s original result, they tested the

——— s " —— ——— . — G ST — —— = ———

3 Failure of Rutledge (1976) and Miller (1979) to recognize
these effects in their analysis contributed to the biased-
ness of their results.,
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hypothesis that the volatility of changes in the basis de-

clines as maturity approaches, | For all commodities tested
(wheat, soybeans, soybean heal and soybean o0il) the vari-
ability of change in the basis declines uniformly as maturi-
ty nears, evidence which indirectly supports Samuelson’s ba-
sic hypothesis.

(3) The third approach simultaneously determines equilib-
rium prices in the spot and futures markets and is more gen-
eral. MWithin such a framework, Anderson and Danthine (1980)
and Stein (1979) derive the testable hypothesis that the
variability of futures prices is systematically higher dur-
ing those periods in which the resolution of uncertainty is
high. Within this context, Samuelscn'’s hypothes;s is a
rather special case in which the resolution of uncertainty
is systematically greater as the contract nears maturity.
In the same context, Working's hypothesis could equally fit
at least for the agricultural commodities where the supply
and demand-induced uncertainty follow strong seasonal pat-
terns. Critical weather concditions are constantly affecting
expected inventory levels during the sunrmer months. Shocks
from the demand side are also greater during thcse months
since derand fluctuations depend upon the prices of other
substitutes whose inventory levels are equally vclatile in
that period.

Since both Samﬁelson's and Working's views of the behav-

ior of futures prices can be interpreted within the so
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called Ystate variable hypothesis", we believe this. hypothe-
sis is more general and provideé an appropriate explanation
of the mechanism of price determination. This suggests that
seasonality and time to maturity each affect futures prices
alone or jointly and should not be ignored from any study of
futures markets.

Anderson (1982) using various statistical techniques pro-
vided support for the maturity effect, but recognized sea-
sonal patterns in futures prices as more important determi-
nants of the volatility. R non-parametric generalized rank
test showed strong seasonal patterns in agricultural commod-
ities (wheat, corn, oats, soybeans and soybean o0il) and live
cattle aﬁd no seasonality in the case c¢f silver and cocoa.
In a parametric test, he regressed the log of monthiy vari-
ances of daily price changes against the time to maturity,
seasonality and a calendar year variable (in a qualitative
form). Rgain seasonality is present in all the markets ex-
amined. The maturity effect is significant in 6 cut of the
9 commodities, a finding that supports the notion that in-
creasing price variability as maturity approaches, seems to
be a general property in futures markets. In summary, An-
derson's study provides support of the Ystate variable hy-
pothesis"™ in which Samuelson is right as a special case and
where seasonal patterns in all commodities are-ﬁore signifi-

cant.
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However, in Anderson's’paper there is no consideration of
the ‘“contract month" effect. If variability of futures
prices is affected by the month of maturity, non-adjustment
for the “contract month effectY might introduce serious
bias, especially in the agricultural commodities.* Another
constraint of Anderson'’s methodology is that it cannot
"quantify" the Ymaturity effect® or examine its behavior as
maturity nears. Neither can it investigate the linearity or
non-linearity of the "maturity effect" hypothesis, a task we

undertake in a later chapter.

4 Evidence on this issue is provided in Chapter 6.



Chapter 3
THEORETICAL MODEL

R rigorous investigation of the "naturity effect" re-
guires an assurmption about the spot price generating pro-
cess. WHe assume that for a commodity there is a cénstant
price level P determined by the equilibrium forces of the
demand and supply. This "deterministic" price level remains
rather stable over a given time. However, as the current-
and future expected demand and supply ccnditions are random-
ly changing, they make current spot and futures prices
change in a random fashion. Hence, we can view prices as
constantly “hovering" aroundéd the deterministic price P and
occasionally shift away due to a non-deterministic random
shock in the market,'g. The interacticn of the determinis-
tic (P) and the non-deterministic (33 ccmponents is additive
and results in the spot price g(t) at time t:

?(t) =P + g(t)
Once we isolate S(t) in today'®s price, we can use it as our
basic error component. Following Samuelson (1965) and Rut-
ledge (1976), we mpdel the generation process of the non-
deterministic component of spot prices g'as an autoregres-
sive linear eguation:

~ ~
S(t+l) = aS(t) + u(t+l) (1)

- 18 -
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where g(t+1) is the uncertain non-deterrinistic coméonent of
spot prices as viewed at present'time t. S(t) is the real-
ized non-deterministic component at time t, %a¥ is a posi-
tive damping factor smaller than unity and 3(t+1) are inde-
pendent Gaussian variates with mean and intertemporal
covariances zero and a constant variance s2:

E(3(t+1)) =0, E(U(t+1)2)=s2, E(u(t)u(r))=0, where t#r..
Also:
g(t+2)=a§%t+1)+akt#2)=a(a5(t)+G%t+1))+5(t+2) =
=a2$ (t) +al (t+1) +0 (t+2)
Subsequently, substituting for g(t+3), g(t+u),..., etc., we
can carry this process up to the time of maturity (I):

S(T) = atT-k> S(t) + atT-1-1> Y(t+1l) +...+ o(T)
Taking the expectations of the last eguation, we can derive
the expected non-deterministic component of spot prices and
its variance as of time t:

Et(?(rg) = atT-4> s(b) (2)
Var, 5(T)) = (1-a2¢T-4) s2/(1-22) (3)

As a way of linking futures prices to spot prices, vwe
adopt Samuelson's axiom of mathematically expected price
formation which expresses current futures prices as the ex-
pected spot prices at maturity. However, for us it is only
necessary to 1link the non-deterministic components of spot
and futures prices. In this way, F(t,T) 1is the non-deter-
ministic component of futures prices observed at time t for
a contract that matures in time T.

F(t,T) = E,(5(T)) = acT-+> S(t) ()



20
Similarly: ‘
F(te1,T) = alT-t-13) S(t+1) = atT-1-15 (aS (1) +D(t+1)) =

alT-£> 5(t) + a¢T-{=1) {(t+1) (5)
If we define DF(t,T) = F(t+1,T)-F(t,T), as the uncertain
change in the futures price between time t and t+1, substi-
tuting for ?(t+1,T) and F(t,T) from (4) and (5) we have:
OF (t,T) = a¢T-t) S(t) + atT-1-1> T(t+1) -acT-4> S(t) =
atT-4-13 T (t+1)
ﬂg(t,T) is a fair game (or martingale) in the sense of hav-
ing unbiased price changes, zero expectation,® and variance:
var (OF (t,T)) = a2(T-t~1>s2 (6)
Taking the natural logarithms in eguation (6) we derive the
following linear eguation:
1n{var (DF (t,T))} = 1ln(s2) + 2(T-t-1)1n (a) (7)

Equation (7) 1is our basic formula which depicts the vari-
ability of futures prices as a linear function of the time
to maturity. The following consideraticns underly the prop-
erties of the model:
(1) The “maturity effect"Y is well manifested if we differen-
tiate (7) with respect to time to maturity, T-t:

QA1n{var (OF (t,T))}/ A(I-t) = 2eln(a) < O (8)

5 The existence of any risk premia is explicity ignored from
this discussion by accepting the axiom in (4). If they
were to be included, the expected value would be a func-
tion of a constant adjustment factor X and would still be
a fair game. In such a case one can still show the matur-
ity effect. If this risk adjustment factor is time depen-
dent, it may still be possible to show the maturity ef-
fect. For an inclusion of a constant risk adjustment
factor in (4), see Castelino (1%881).
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Since 0<a<1l, equation (8) states that as the time to maturi-
ty decieases, futures price variability - expressed as the
differences in logarithmic prices - will increase monotoni-
callye. Therefore, the null hypothesis of the maturity ef-
fect H(0), can be stated explicitly as follows: there is no
relationship between time to maturity and price variabilitye.
The alternative hypothesis H(l), calls for an inverse rela-
tionship between time to maturity and price variabilitye.
(2) At maturity (t=T-1), equation (7) produces an anticipat-
ed result: ln(var(ﬁg(t,r)) = 1n(s2) = 1ln(spot variance),
i.e., at maturity, a contract is as volatile as the underly-
ing spot commodity.® 1ln(s2) serves as the upper lirmit of the
variability of futures prices. The lower 1imit 1is at the
initiation time of a contract, t=0:

in {var (DF (t,T))} = 1n(s2) + 2(T-1)1n(a)
(3) The damping factor “a" of the autoregressive process as-
sumed in (1) is present in (7) and affects futures price
variability. By differentiating (7) with respect to "a" we
get:
d1n (var (DF (t,T))}/ da = 2(I-t-1)/a > 0 (9)

i.e., higher damping factors affect positively the futures
price volatility. For a given commodity, a higher Ya" wéuld
mean that a higher portion of any given shock will be embed-
ed in the spot price. Different commodities will have dif-

ferent Ya", i.e., spot prices of different commodities will

6 Indeed, equation (3) agrees with this result. If we sub-
stitute t with T-1 we get: var.M-('g(T))=52
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tend to revert to their mean with different strength. Ey
necessity "a" should capture characteristics uniguely iden-
tified with each commodity, such as storability, substitut-
ability, elasticities of demand and supply, etc. In light
of equation (7), it is interesting to know that %a" can be
estimated with conventional estimation technigues. Since
vaY is assumed to be less than 1, there 1is no possibility
that the non-deterministic component o¢f spot prices could
skyrocket indefinitely.?

(4) With the pure expectations hypothesis manifested in
eguation (4) we have introduced a channel through which in-
formation on future events is impounded in futures prices,
thrcuch the expectation of the future srot price. However,
someone could argue that in eguation (S) we have abandoned
this mechanism since the futures price next periocd only de-
pends on the spot price prevailing in that period. Nonethe-
less, what 1is included in (5) is the damping factor "av%
which captures this transmission process of information to
the whole constellation of futures prices. In this sense,
Ya® is bound to reflect the individual characteristics of
the particular commodity as well as the general patterns of
information arrival into this prodﬁct market. Hence, com-
modities with "Ya" very close to unity would indicate fast
transmission of the impact of any given shock on all prices

of the underlying commodity. That would be the case of ma-

7T If a=1, the variance of futures price changes is constant
and the maturity effect disappears.
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ture markets where traders can accurately assess the price
impact on all the futures prices'of supply or demand-induced
random events. Therefore, an implicit estimation of va¥
could play a rcle of measuring the maturity of a given fu-
tures market.

Despite its appropriateness, certain limitations of equa-
tion (7) should not be overlooked:
(1) As it was mentioned earlier, the monotonicity of the in-
verse relationship between volatility and time to maturity
can reverse if a higher order autoregressive scheme is used.
However, even in such a case, all the present results will
again be obtained as long as the coefficients of the lagged
variables are sraller than unity.
(2) The damping factor "a" is assumed to be less than 1.
The validity of this assumption is jeopardized if there are
trends of non-stationarity in cash prices. 1In this case "Ya"
would be greater than 1. Empirical analysis is left to test
the appropriateness of this assumptione.
(3) The variance of the autoregressive errors (s2) is as-
sumed constant. If random shocks in cash prices do not have
a constant variance the assumption would be violated.

In the next chapter we describe our sample and discuss

the major statistical considerations.



Chapter 4
DATA AND STATISTICAL CONSIDERATIONS

4.1 DATA DESCRIPTION

Some 230,000 daily price observations (available from the
Center for the Study of Futures Markets), are the subject of
our empirical analysis. The selected commodities, the re-
spective period under investigation, number of delivery
months, maximum time (in months) between initiation and ma-
turity of a contract and the number of observations for each
commodity are presented in Table 1.

In constructing our sample, an attempt is made to select
the most representative commodities from the major futures
markets. Thus, we choose three categories: agriculturals,
financial and metals. This selection serves another purpose
also: it helps to investigate the maturity effect in (a)
commodities examined by other researchers (agriculturals,
copper and silver) and (b) commodities on which no evidence
is available (financials and gold).

The time period for each category of commodities is dif-
ferent: 11 years for the agriculturals, 8 years for metals
and for financials ranging from 5.5 years for Treasury bonds

anéd 7 years for Treasury bills to more then 7 years for

- 24 -
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TAEBLE 1

Data Description

- Do G G T e W e G D e S S D e ORGP - G - - -

Number Highest

of maturity Number
Delivery time of
Commodity Time Period months (in mon.) obs.
R. AGRICULTURAL
1. ¥heat Jan 1972-Jan 1983 5 14 - 17,588
2. Corn Jan 1972-Jan 1963 5 15 18,020
3. Soybeans Jan 1972-Jan 1983 7 15 23,200
4, Soybean Meal Jan 1972-Jan 1983 8 15 26,290
5 Soybean 0il Jan 1972-Jan 1983 8 15 26 ,600
B. FINANCIAL
6. GsN.M,A. CDR Oct 1975-Jan 1983 4 35 19,620
7. Treasury bills Jan 1976-Jan 1983 y 23 14,736
(31 Day)
8. Ireasury bonds BRug 1977-Jan 1983 uy 35 15,928
C. METALS
8. Copper Jan 1975-Jan 1983 12 22 23,200
10.Gold Jan 1975-Jan 1983 12 22 22,532
11.Silver Jan 1975-Jan 1983 12 22 22,622
G.NM.A.8

The number of daily price observations (which include
spot prices as well) is a function of the nurber of delivery
(contract) months available,® time to maturity at initiation

and nurber of years included. So, while the soybean complex

——— — . — oy w———

8 All three financial futures prices becin at the time the
first contract was initiated.

9 Thereafter, "“delivery month"™ or “contract month" will be
used interchangeably to denote the specified month on
which the futures contract calls for delivery cf the un-
derlying commoditye.
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is selected for the same period as wheat and corn, we have
more observations with the soybeén complex since trading is
permitted for greater number of delivery months (7 for soy-
beans and 8 for soymeal and soyoil, ccmpared to only S for
corn and wheat). For all agricultural commodities the maxi-
mum number of months to maturity is 14 or 15. Flnancial fu-~
tures contracts are delivered 4 times within a year.. How-
ever, G.N.M.A. and Treasury bonds can be initiated 35 months
before maturity. Treasury bills can Le initiated up to 23
months before maturity, while for metals the numker is 22.

Note that all metals have a delivery every calendar month,10

with our main result in equation (8), we can construct
the null hypothesis as follows:

H(0): There is no relationship between time to ma-
turity and futures price variability.

H(1): There 1is an inverse relationship between
time to maturity and variability of futures price
changes.

This hypothesis can be tested by using the following OLS re-
gression model:

In(Y) = ¢ + bX + e (11)

10 However, there are only six specific delivery months in
which you can initiate a contract wup to 22 months in ad-
vance. In the other six months delivery is pernmitted ei-
ther because they are current months, or they are the
next two calendar months.
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where, Y is measuring the variability of futures prices, Yc%
is a constant which according to (7) estimates the logarithm
of the variance of spot prié;. As such, it is expected to
be positive and significantly different than zero. "pY is
the coefficient estimate of the time-to-maturity variable
(X) . By virtue of (7), Yb" estimates the guantity 2+1n(a)
from which "“a¥ can be estimated implicitly. Furthermore,
“p¥ should be negative and significantly different from zero
if there is a maturity effect in futures markets. Finally,
"e¥ js the regression error with a zero mean, constant vari-
ance, and no autocorrelation.i?

Measuring the variability of futures prices (Y), is a
choice with many alternatives for the researcher: variance
of price changes, residual variance, coefficient of varia-

tion, interfractile ranges, etc. The estimaticon time can be

cdaily, weekly, cr monthly.12

11 Tt should be noted that ¥, X and e, are time series-cross
sectional vectors that extend over the entire sample
period of each commodity for all possible delivery
months.

12 pParkinson (198Q), Garman and Klass (1980) and Beckers
(1983), demonstrate a daily estimate of the variance
based on the high, low and closing prices. Assuming that
the logarithr of stock prices follows a random walk with
the true variance as a diffusion constant, Parkin-
son (1980) derived the following estimate of the variance
of returns (claimed to be 5.4 times more efficient than
the conventional esggmate of variance):

. s2 = (H-L)2 / 41n2
Garman and Klass (1980) assuming that the 1logarithm of
stock prices follows a Brownian motion with zero drift,
presented an estimate 7.4 times better than the conven-
tional. Their estimate utilizes the closing prices as an
additional souvrce of information, as well as the joint
effects between high, low and c¢closing quantities.
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In our empirical analysis we estimate the variability of
price changes by calculating the'classical estimator of var-
iance, for its simplicity of use and its freedom from obvi-
ous sources cf error or bias. The recent studies cf Castel-
ino (1981) and Anderson (1982) also use the variance of
price changes, so our results can be conmpared.

For each contract maturing in month T, the lcgarithmic
price changes are calculated as follows:13

DE(t,T) = In{F (t+1,k,T)/F(t,k,T)} (12)
where, t denotes the day in which the futures closing price
F(t,k,T) is observed and k denotes the calendar month. Then
we can calculate the average ADF (k,T) of the distribution of

price changes fcr contract T in month k:

- — T G — — —— —— S

The main disadvantage of these methods is that (1) as-
sure transactions occuring continuously and (2) stock
prices follow the same path during the reriods on which
stock exchances are closed. These two strong assumptions
might introduce bias to the estimators either predictable
{({finite transaction volume, bid-ask spread differential
non-stationary volatility), or unpredictable. It seenms
that lack of continuous trading will bias the estimators
downwards since the observed Yhigh" and Ylow" prices will
understate and overstate respectively, the unobserved
Ytrue prices". A third problem that biases the estima-
tors further is associated with their use in estimating
daily variances of futures price chances. Since in these
markets daily price limits are always imposed, daily es-
timates of variances will intensify the problem of down-
ward biased estimators. The main advantade hcwever, is
that these estimators utilize additional information that
the close-to-close conventional estimation techniques do
not and as such they may contribute more to estimator ef-
ficiency.

13 Price changes in (12) can also be considered as daily re-
turns for an investor with zero capital investment (0%
margin requirements)e.
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N (k)
ADF (k,T) = 2 DF(t,k,T)/N(k)
t=1

The respective variance VDF(k,T) of these price changes is

given by:
N (k)
VDF (k,T) = 3 {DF(t,k,T) = ADF (k,T)}2/(N(k)-1) (13)
t=1

where, N(k) is the number of observations in month k.14

In egquation (11) we use logarithms for two main reasons:
(1) The theoretical derivation in (7) expresses price chang-
es in ailogarithmic form so direct use of logarithms is
well-justified. (2) The use of logarithmic price changes
prevents at 1least one source of non-stationarity from un-
predictably affecting futures price variability. This
source is associated with the price level of the commodity.
As prices move in one direction, their dispersion most like-
ly moves in the same direction introducing unwanted biases.
Use of logs minimizes these biasese.

To capture the maturity effect in the variability of fu-
tures prices we should select a short enough period. The
distribution of price changes will follow a staticnary pro-
cess within this period, even though it may be non-station-

ary from period to period. One month seems a good estima-

14 The maximum number of trading days within any calendar
ronth is 23, Months with fewer than 15 observations were
excluded from the study.
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tion period that conforms to these assumptions- on the
distribution- of price changes., .However, some bias might be
introduced if the distribution of price changes is somewhat
non-stationary within the estimation period.

Another important reason for calculating variances over
monthly periods is to dilute the effect of the daily price
limits present in futures markets. It is believed that a
long enough period such as one month will permit trading to
reach a market-clearing price. The existence of a market
clearing price is prevented occasionally by daily price lim-
itations.?tS

There are other sources of biases which are also of much
importance. Two such biases present in the variability of
spot prices, known as the Yyear effect" and the "month ef-

fect¥, are presented in the next chapter.

15 Daily price 1limitations are bound tc introduce downward
biases if statistical technigues that allow the estima-
tion of daily price variability are applied 1in futures
markets. See footnote 12.
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Chapter 5
NON-STATIONARY SHOCKS IN SPCT PRICES

5.1 EVIDENCE ON THE CALENDAR YEAR EFFECT

Inventory 1levels in agricultural commodities are very
volatile from year to year. This is due to the worldwide
weather conditions which affect the commodity supply and un-
predictable political events that affect their demand. The
year-to-year instability in inventory levels imposes differ-
ent volatility in spot and futures prices. Similar situ-
ation exists for financial futures where Federal Reserve
policies and the government fiscal policies influence
strongly the volatility of interest rates from year-to-yeare.
Year-to-year shocks affect the volatility of precicus metals
(gold and silver) as well, through the 1level c¢f interest
rates, the exchange value of the dollar, expected inflation,
political instability, etc. Copper, as an industrial metal,
is sensitive to interest rate changes and relates its vola-
tility to the status of the economy rather than any other
particular factor.

In Table 2 the yéar effect 1is presented for all commodi-
ties except Treasury bonds. While the year effect underlies
both spot and futures prices we study it only in the spot

prices because: (1) we want to avoid any conrnfounding due to

- 31 -~
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the Ycontract month effecg" as well as the "maturity effect"
present in the futures prices and (2) the futures prices are
not suitable for studying the non-staticnary behavior of the
commodity since they are associated with different crops.

Average of the spot variances calculated over monthly
periods are presented for each year of the available data.l6
The total number of observations involved is also included.
The conmodities within each of the three selected groups
tend to behave similarly, showing significantly different
volatilities from year-to-year. Bgriculturals exhibit high
volatilities in the years of relatively small supplies
(1973-1974) and President Carter's grain embargo to the So-
viet Union (1979, 1980). G.N.M.A and T-bills peaked in vol-
atility in the two most expensive years to borrow, 1979 and
1980. Precious metals peaked in 1980, the year with turbu-
lent political events. 1In addition, they experienced higher
variability after 1979 when indeed expectations on inflation
were also very high. Overall, silver shows a hicher level
of variability relatively to gold. Ccpper had its highest
volatility during 1977, then decreased smoothly (possibly
due to the low economic activity) until a jump in 1980 and

an increase in 1982,

16 Note that the variance of spot price changes was calcu-
lated similarly to the variance of futures price changes,
equation (13).
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TABLE 2

The Year Effect in Spot Prices

Rverage Spot Variances

- - A TS W W WP W M S e S e WD D W D G W W R W G P e e Y e e

were not available

Year Corn Wheat Soybeans Soymeal Soyoil
1972 .000136 000214 000126 . 0002428 000314
1973 .000739 .001213 001993 «002436 .002393
1974 .000715 # .000903 »002233 %*
1975 000393 % 000487 «000658 *
1976 .000261 %* 000459 .000509 %
1977 .000187 .000424 000567 .000790 002782
1978 000106 .000391 .000438 .002246 «001256
1979 000167 000526 .000320 .000330 000221
1980 000466 .000416 .000405 «001175 000615
1981 .000163 .000561 .000206 .000618 .000394
1982 .000179 «000265 .000129 .000119 «000162
OBS 132 80 132 132 82
DF 10/121 7772 10/121 10/121 7774
F-VBALUE 7.06 2.29 8.33 8.99 506
PRDF .0001 «0362 .0001 «0001 .0001
H-VALUE 50.06 15.59 53,04 60.06 28.69
PR>CHI-SC .0001 0291 .0001 . 0001 .0002
Year GeNsMsAs T-bills Copper Gold Silver
1975 %= % * b 000283
1976 * % = b .000266
1977 .000003 .000001 006953 .000081 000090
1978 «000054 .000006 001107 .000210 000140
1979 .000131 .000013 000315 «000314 000745
1980 «000113 .000059 000791 .001024 .004190
13e1 000159 % 000222 «000366 000865
1982 000092 000006 .001244 «000715 .000844
OBS 61 41 62 61 93
DF 5/55 4/36 5756 5/55 7/85
F-VALUE 12.43 9.32 6.05 6.32 24432
PR>F .0001 0001 .0002 »0001 «0001
H-VALUE 22.21 19.23 22.17 21.57 63.08
PR>CHI-SC 0005 0007 .0005 «0006 .0001
=

33
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To test the significance of the year-to-year differences

in the volatility of spot prices, we run ANOVA tests (with

randomized sample sizes of unbalanced data) .17 An BRNOVA test

for a one-way classification for n years, has the following
null and alternative hypothesis:

H(O): m(l) =m (2)=ooooo=m(n), ioeo, the n pOPUIation
means are equal.

H(1): &t least one of the n population means dif-
fers from the rest.

de calculate s2(b) as a measure of the variability among the
n sample means and s2(w) as a measure of the variability
within the n porulations. The null hypothesis of equality
of the n population means is rejected if F=s2(b)/s2(w) ex-
ceeds the tabulated value of F for a given significance lev-
el and degrees cf freedom for numerator n-1 and N-n for de-
norminator, where N is the total nurber of observations
(OBS) . becrees of freedom (DF), F-value and the signifi-
cance probability (PR>F) are all included in Table 2. The
results are very convincing for all the commodities. At the
«01% level of sicnificance we reject the null hypothesis
that the average monthly spot variances are equal in all

years of data.18®

17 In all the ANOVR and the non-parametric tests that follow
in the text we took the logarithm of the variance of spot
or futures relative price changes, simply because the use
of logarithms eliminates additional sources of non-stati-
onarity such as the changing level of prices. See also
earlier discussion.

18 The only exception 1is wheat where significance is at
3.62%.
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The use of the one-way‘analysis of variance rests on the
assumptions that the sampled populations are normally dis-
tributed with equal variances. As long as these assumptions
hold, the parametric test of ENOVBA is very powerful. When
either of these assumptions is not met we need an alterna-
tive test with weaker assumptions. Non-parametric tests of-
fer such an alternative by not requiring any specific form
of the population distributions. The only requirement is
for the samples to be indspendent and for the populations to
be infinite. The most widely used non-parametric test is
the Kruskal-Wallis one way analysis of variance by ranks,
which makes use of ranks rather than the original observa-
tions. This ranking process of our observations measures
the data by scores on an ordinal scale, a procedure which
makes the median score as the only apprcpriate descriptor of
the variance of price changes., Hence, if we have monthly
estimated variances for n years, we test the null hypothesis
that the median scores are equal for the n populations:

H(0): M(1)=M(2)=essee=M(n), ise., the n population
redians are egual.

H(1): At least two of the population medians dif-
fer from each other.

The Kruskal-Wallis test statistic H is then calculated
using the basic form of ordinary one-way analysis of vari-
ance. A large H-value tends to dispute the null hypothesis
that the samples ére drawn from identically distributed pop-
ulations. If there are more than three groups and more than

five observations in each oroup, the asymptotic sampling
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distribution of H is the_ CHI-~SQUARE distribution  with n-l
degrees of freedom and this is usuvally accurate enough for
most practical purposes.t®
The H statistic of the Kruskal-Wallis non-parametric test
is included in Table 2, as well as 1its significance prob-
ability (PR>CHI-SQ) using the Chi-sguare approximation. The
*year-ef fect” is again present at .01% level of sianificance
(2.91% in the case of wheat). Two other non-parametric test
were also calculated: Brown-Mood (n-sample median test) and
n-sample Van der Waerden test. The results were similar to

Kruskal-Wallis tests and hence are not rresented.

5.2 EVIDENCE ON THE CALENDAR MONTIH EFFECT

The second important source of non-stationarity in spot
prices is the fact that in certain calendar months futures
prices are more volatile than in others. This is due to the
arrival pattern of information regarding futures contracts.
It is only natural that information on the crop size of ag-
ricultural commodities accumulates and becomes of much im-
portance during the summer and early fall months of the har-
vest season. The same may be true for financials and metals

if some information on financial variables is repeatedly re-

vealed during certain months.

19 For a description of the Kruskal-Wallis test and other
non-parametric tests, see J.D. Gibbcens (1976); and J.V.
Eradley (1968) .
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What the "month—effecp" really means is the following:
observing a December wheat contract in March or in June, is
not only different because of the different time to maturity
invelved but it is also different since it is observed in
months that exhibit different volatility. It also means
that a September contract observed in March, or a December
contract observed in June is not the same thing, despite the
fact that the time-to-maturity is &6 months in both cases,

In Table 3 we test for the Ymonth effectY. Average vari-
ances of spot prices for each calendar month seems to be
different for each of the commcdities as is clearly seen in
Figures 1-3. The heightened volatility of spot prices dur-
ing the éummer and fall months is gquite clear 1in the agri-
cultural commodities. Wheat has the highest variability in
June (the month of harvest), with significant variability in
the surrounding months but lowest during the fall and winter
months. Similarly the soybean complex (beans-meal-0il)
reaches its highest variability during the summer months and
the lowest during the late fall and early winter months.
With the harvest of corn reaching a peak in September and
Octcber, price variability becomes very high in these
months. For the two financials examined, Treasury bills
show higher price variability in the first six months (Janu-
ary through June) and 4-5 times smaller in the second six
months (July throdgh December) . For GNMA the pattern is re-

peatedly reversed throughout the months, although the vari-



- TABLE 3

The Month Effect in Spot Prices

Average Spot Variances

- - D > G W - G WS b Gk S D G W G S - W TR A D WD G T R A A WP W G G D G S S P EE D O e

Calendar

Month
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

Wheat

Soybeans

«000250
000299
2000204
000164
«000231
.000317
.000381
«» 000390
. 000427
000541
000333
000274
132
117120
2.27
«0151
20.15
«0U33

»000u31
.0005u7
000280
.000419
.000381
+000962
.000306
- 000445
000804
.000216
.000359
000303
80
11/68
0.59
8322
5.58
«9001

000786
000253
. 000278
000301
000335
.000613
.001468
.000740
«000695
.000438
.000407
000267

001014
001110
« 000520
« 001356
«000379
. 001948
.001879
001320
«000862
« 000755
000710
.000646

.000294
000416
.000322
2000281
.000342
.001673

+002639

+000609
«000290
000369
001651
000295
82
11/70
0.65
«7798
5.15
«9237

Month

DF
F-VALUE
PR>F
H-VALUE

PR>CHI-SC

- - S . T e e - G G G R S S e b G b G G RS G e W W S A

000098
.000147
000102
.000113
«.000073

«000052

.0000u9
000158
000072
«000175
000088
«000097

8.10

.000030
»000019
.000018
000029
000032
.000024
«000005
«000007
.000004
000004
«000003
.000008
41
11/29
0.93
«5240
10.03
«5280

.002130
000505
002796
.000295
.000263
«000299
000285
«000505
000433
«000292
004522
000545
63
11/51
0.70
«7368
6.32
.8509

001593
.000uL36
. 000266
000815
.000130
.000243
.000321
000382
«000519
«000372
000411

.000266

62
11/50
1.084
4274
g.u4
.5809

.001733
000600
.002894
.000472
000662
.000571
.000362
«000515
«001376
.000563
«000657
«000613

38
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ability in May, June, Jqu and September is on the average
almost as half as the variability in the others. The re-
sults seem to indicate that GCNMA is more volatile through
the year than Treasury bills. This micht ke attributed to
the fact that the GNMA underlying instrument has a longer
maturity than the 91-day Ireasury bill. It may also be be-
cause the market for GNMAR contracts is affected by other
factors (e.ge. housing demands, etc.), in addition to those
which affect the Ireasury bill rates. For all the metals it
is clear that seasonality through the Y"month-effect" is sig-
nificant, although the exact reasons is rather difficult to
pinpoint.

To manifest the "month effect" statistically, we use the
ANCVA tests as described before. However, ncw we classify
the logarithms c¢f spot variances according to the calendar
month they are observed in. As it is indicated by the mar-
ginal significance level (PR>F) in Table 3, we cannot reject
the null hypothesis of the equality in the variances in all
commodities. Even with Kruskal-Wallis tests we cannot re-
ject the null hypothesis. This statistical result contrasts
sharply with our earlier discussion about the differences in
variability across calendar months. The explanation for
this paradox, hcwever, seems to be very simple: because the
“year effect® is very significant (as it is evident from Ta-
ble 2) in the vafiability of spot prices, it dominates the

*month effect" and hides the 1latter when using conventional
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technigues tc test diffe;ences; If an attempt is made to
control for the year effect, it is believed that the “month
effect" would significantly ‘be revealed.20

The results on Tables 2 and 3 have important implications
on future research'in futures markets: calculating a simple
logarithmic price change between two trading days as in
equation (12) 1is not sufficient to control for the calendar
year or month the observation is taken from. There are ad-
ditional steps to be taken in constructing price series free
of non-stationary effects. The evidence shows that both the
calendar year and month are important sources of ncn-statio-
narity in spot pricese. Hence these effects need to be neu-
tralized before we assess the variability due to maturity
effect. A methodology for controlling these effects and ev~
idence on the “Ycontract month" effect and “"maturity effectVv,

is presented in the next chapter.

20 In Appendix R we attempted an ANOVA test on geometrically
normalized spot variances as follows: From the monthly
spot variances  we found the geometric average for each
calendar year and use it to standardize all monthly spot
variances for that year. We then run an ANOVA test as
described earlier. According to the F-test, only three
commodities (corn, soybeans and gold) show significant
Ymonth effect". For the rest, this method of standard-
ization is still ineffective.



Chapter 6
EMPIRICAL RESULTS IN FUTURES PRICES

6.1 A METHODOLOGY OF NORMALIZING
In order to increase the degrees of freedom in our sta-
tistical tests, we not only must mix observations from dif-
ferent calendar months and years, but also observaiions from
different contract months. In so doing, however, we should
recognize the various biases we introduce in our tests.

In any given year ¥, within any given calendar month t,
for a single ccmrnodity, trading is possible in C(t) con-
tracts, The variability of each futures contract maturing
in month T (j) (where Jj=1,2,...,C(t)) is subject to a unique-
ly defined information set:

ITC 0 (¥, t, T(3))
where T(j)-t equals the time (in months) 1left for contract
T(j) to mature. Since our objective is to study the maturi-
ty effect we must Ynormalize" the inforration set in such a
way as to make the futures price dependent upon only the
time to maturity.

If th denotes the variance of futures price changes in
calendar month t of a contract maturing in T(j) -t months,
the average futures variance in month t, A(vt), is defined
as the geometric average of the individual variances Wﬁ cb-
served in month t:

- 44 -
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o C(t)
A(vg) = (TTVy;)1/Ceto (14)
j=1
where, C(t) is the number of contracts open for trading in
calendar month t. The use of the geometric average in (18)
~as it is also argued in Castelino (1981)- 1is justified by
our derivaticn in (6).2! Then, the norralized monthly vari-
ance is defiped as:
N (th ) = th /A (V.h) : (16)
This averaging procedure makes the normalized variance inde-
pendent of the month and year in which it was estinated.
Having normalized the monthly futures variances through
(14) and (16) we can now test for the possible non-statio-
narity due to the contract months. It is hoped that the
norralization procedure woulé alleviate this problem but it
is possible that a strong “contract month" effect may still

exist in the normalized variances.?22

— — 2> — - w —

21 It can be proved that the geometric average variance of
C(t) contracts in month t, is the (implicit) variance of
a contract with maturity equal to the arithmetic maturity
of the C(t) contractse.

Suppose that n=C(t) contracts are traded in month t
with maturities, T(1), T(2), T(3),eee, T(N)o& Erom equa-
tion (6}, we can substitute for the variance of price
changes in equation (14):

A(Vt) = {@2(TC1)-4-1 15232CT(23=-2-1252, 4400
veseda2tTNI-L-152}) 1/ =
= {a2RCTCII4TC204 + ¢ ¢ TN 4~12 2520 1/ =

iazt?-"L"l )se2 (15)
where, T={T(1)+T (2)+T (3)*ee«+T (n)} /n. Equation (14)
shows that A (vg) is the same as the variance of a con-

tract with maturity equal to the average maturity of the
contract months traded in month t.

22 Note that we cannot test the Ycontract wonth" effect cn
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6.2 EVIDENCE ON THE CONIRACT MONTIH EFFECT
In Table 4 we present evidence of the contract month ef-
fect for the 11 futures markets. The normalized variances
are averaged by the contract month. Therefore, Table 4 re-
fers to arithmetic averagss of geometriczlly nocrmalized var-
iances. The results show that for the agriculturals (except
corn) the May or July contracts have the highest volatility.
Both May (for wheat) and July (for the soybean complex) con-
tracts call for delivery of the VYold crop¥. Since it is
possible for the agricultural commodities to éxperience un-
certainty before the Ynew crop"™ arrives, the "harvest ef-
fect" seems to impose grszater variability in the maturing
contracts. ARnother factor which might add to the higher
variability is the phenomenon of sqgueezes in the delivery
month (which often 1is a technical problem) where the out-
standing futures contracts call for delivery of amounts
greater than the existing supplies. Sqgueezes appear usually
before the new crop arrives and as such affect positively
the variability of contracts maturing during these months.
Both phenomena of inverted markets (shortages and squeezes)
are serious for agricultural commodities but 1less so for

metals and financial futures.23 The December contract month

non-normalized monthly futures variances. The reason is
that non-norralized futures variances are unpredictably
biased by the “year® and “Ymonth" effects. Cnly after
controlling for these effects through the normalization
process we can test for the Ycontract month" effect.

23 The problem of inverted markets created by shortages in
current supplies, is discussed in Essay II of this study.
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has the highest variabili;y for corn, GCNMA (excluding Novem-
ber), and T-bills. For T-bonds and gold, the most volatile
contract is for March ani for copper and silver it is the
Octcber contract.

To test the significance of mean differences of normal-
ized variances across contract months, we run ANOVA tests.
As shown in Table 4 the mean of normalized variances is not
different among the various contracts in the three financial
futures. Therefore, for these futures we cannot reject the
null hypothesis that there is no contract month effect,
€.0., a financial contract maturing in March appears to have
the same variability as a contract maturing in December.

For agriculturals and metals however, the situation is
reversed. ﬁe reject the null hypothesis for corn, wheat,
soybeans, copper and silver at .2% level of significance and
for soybean meal, soybean o0il, and gold at 10% level of sig-
nificance, It seems that for agriculturals and metals,
trading in a particular contract month implies accepting
price variability that is specific to that contract month.

The Kruskal-Wallis test results are also in the same di-
rection as the ANCVA test resultse. However at 10%, goldqd,
soymeal and soyoil Jjoin fhe three financials in insignifi-
cance to reject the null hypothesis of "no contract month
effect". Therefore, it is safe to conclude that there is
strong evidence tﬁat the contract month is responsible for

some portion of the variability of futures prices for only



Month

H-VALUE
PR>CHI-SC

"TRBLE 4

The Contract Month Effect

Rverage Normalized Futures Variances
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Corn Wheat
1.0362 1.0268
0.9956 1.0730
0.9516 0.9991
0.9955 0.9763
1.0654 1.0104
682 659
u/61717 4/654

13.29 4.29

Soybeans

1.0208
1.0280
1.0516
1.0431
1.0046

0.9655

906
6/899
3.U46
«0022
12.12
«.0593

1.0637
1.0412
0.9926
0.9830

1.0081
1.03u4
1.0305
1.0613
1.0259
1.0081
0.9893

1.0133
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Contract
Month

- e - . -

- an onon an o

DF
F-VALUE
PR>F
H~VALUE
PR>CHI-SQ

.0001 « 0020
57.16 13.88
0001 « 0077
CNMA T-bonds
1.0056 1.0137
1.0045 1.0108
1.0076 1.0049
1.0409% -
1.0082 1.0023
808 661
4s803 37657
0.06 0.27
«9923 «8470
0.27 0.50
.9918 «9187

1.0445

1.0579

1.0608
604
3/600
0.07
«9703
0.u47
09245

0.9888
1.1568
0.9871
1.1291
0.9902
1.1659
0.9934
1.1563
1.0000
1.1670
1.0992
1.0015
908

11/¢e96
10.11
0001
103.62
« 0001

-—— - e - -

1.0087
0.9998
1.0540
1.0033
1.0095
1.0016
1.0181
0.9919
1.0377
0.99863
1.04855
1.0030
892
11/880
1.70
.0694
15.86
<1463

u8

Silver
1.0184
1.0710
0.9909
1.0468
1.0232
1.0760
0.9889
1.0433
0.9898
1.0873
1.0718
1.0008
880
11/868
2.82
.0013
70.15
«0001

- > Y D S GE R G O G S S W R SR G e Y D R e G Gh AR R W S W D me e S S W D G W S e o

% November currently is not one of the delivery months

for GNMA. It was only available for trading for very

short pericds of time.
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corn, wheat, soybeans, copper and silver. But, there is no

contract month effect for the financials and a weak or no

effect on gold, soymeal and Eoyoil.

6.3 EVIDENCE ON THE MATURITY EFFECT

Samuelson's hypothesis of the Ymaturity effect" is tested
in Tatles 5 and 6 and is depicted graphically in Figures
4-6. Table 5 shows the average normalized variances for
each ronth tc maturity for all commodities. The maturity
effect, as a general phenomenon, is evident across commodi-
ties. As time to maturity nears, on the average, the vari-
ability of futures markets 1is constantly increasing. How-
ever, fhe almost strict relationship of the increasing
variability with time to maturity is true only with wheat,
soybeans, and to a lesser degree T-bonds and gold. This
might be attributed to a mispecificaticn of the spot price
generating process, as has been sugqgested by Samuelson
(1976) . A spot price generating process that includes high-
er order terms can result in temporary decreases in a gener-
ally increasing pattern of price variability.

To test whether the means of the logarithms of normalized
variances are significantly different among the different
months to maturity, we run ANOVA tests. At .01% level of
significance (.37% for corn) we reject the null hypothesis
that the means are equal, for all 11 commodities tested. We

also reject the null hypothesis at .01% level of signifi-
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TABLE 5

The Maturity Effect

Months to

Maturity GNMA T-bonds TI-bills Copper Gold Silver
1 1.0581 1.1618 1.0978 1.1585 1.0254 1.1224
2 1.0937 1.1525 1.1873 1.1332 1.0313 1.0608
3 1.0905 1.1650 1.2539 1.1005 1.0245 1.0470
4 1.0561 1.1429 1.2087 1.0945 1.0860 1.0411
5 1.0838 1.1251 1.1967 1.0794 1.0306 1.0380
6 1.0389 1.1493 1.2171 1.0470 1.0340 1.0200
7 1.0376 1.1209 1.2178 1.0300 1.0152 0.9990
8 1.0532 1.0914 1.1185 1.0184 1.0265 1.0101
9 1.0179 1.0760 1.0696 0.9868 0.9978 0.9824

10 1.0263 1.0567 1.1104 0.9747 1.0074 0.9795
11 1.0280 1.0601 1.1097 0.9410 1,0001 0.9654
12 1.0056 1.0538 1.0707 0.9874 0.9857 0.9800
13 1.0078 1.0130 1.0288 0.9359 0.9825 0.9789
14 - 0.986U 1.0151 1.0732 0.9346 0.9869 0.9593
15 1.0068 1.0024 0.9222 0.9121 0.,9739 0.9420
16 0.9674 0.9745 0.9813 0.8909 0.9670 0.9750
17 1.0052 0.9886 0.9894 0.8751 0.9659 0.9524
18 0.5865 0.9652 0.8714 0.9025 0.9418 0.9089
19 0.9795 0.9666 0.9095 0.8442 0.9488 0.9352
20 0.9857 0.96717 0.8121 0.8419 0.9395 0.9220
22 °  0.9884 0.9425 0.8214 0.8506 0.9419 0.9318
22 0.9718 0.9528 0.7951 0.8446 0.9277 1.0060
23 0.9653 0.9398 0.8337 - - -
24 0.9839 0.9122 - - - -
25 0.9807 0.9098 - - -
26 0.9346 0.9240 - - - -
27 0.9417 0.9050 - - - -
28 0.9554 0.8989 - - - -
29 0.9375 0.8950 - - - -
30 0.9801 0.9124 - - - -
3l 0.9844 0.8831 - - - -
32 0.9413 0.9024 L= - - -
33 0.9763 0.8435 - - - -
34 0.9157 07962 - - -
35 0.9785 0.8203 - - - -
OBS 806 661 604 908 892 880
DF 34/773 . 34/626 22/581 21/886 21/870 21/858
F-VALUE 3.52 21.94 6.12 58.89 10.73 10.33
PRDF 0001 «0001 0001 .0001 .0001 0001

H-VALUE 124,30 401.01 167.84 603.92 211.14 44£.00
PR>CHI-SC .0001 «.0001 .G001 . 0001 .0001 0001

- G W T G G G e e O G - G G G e G S G e S S WP e WD W AR DGR R D S GRS AR TR M W O e e e e e o
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Tatkle 5 (continued)
Months to ) ,
Maturity Corn Wheat Soybeans Soymeal Soyoil

- e w o -  a - wn o> o> o - - - - e - - e - - - o wn oo

1 1.0185 1.1871 l.1449 1.2555 1.1254
2 0.59989 1.12730 1.1209 1.2025 1.1477
3 1.0091 1.0826 1.1130 1.1471 1.1156
u 1.0119 1.0571 1.1118 1.1276 1.1016
5 1.0151 1.0319 1.0675 1.0418 1.0900
6 1.0268 1.0176 1.0277 1.0130 1.0438
7 1.0250 0.98u6 0.9893 0.9740 1.0167
8 0.9949 0.9632 0.9515 0.9246 0.9804
9 1.0357 0.9714 0.9416 0.9023 0.9546
10 1.0092 0.9321 0.9232 0.9214 0.9145
11 0.9673 0.9368 0.5056 0.8782 0.9037

12 1.0670 0.9218 0.8701 0.,8911 0.8525

13 0.9581 0.8915 0.8635 0.8978 0.8402

15 1.0886 - 0.,9165 1.1148 0.7574
0BS 682 659 906 1042 1066
DF 1476617 13/645 14/691 14,1027 14/1051
F-VALUE 2.34 14.24 19.69 25.81 23.66
PRO>F . +0037 « 0001 «0001 .0001 .0001
H-VALUE 29.82 136.30 282,54 310.87 291,40
PR>CHI-SC .0081 «0001 «0001 .0001 »0001

- S S - - TS D - - - - -

cance (.81% for corn), by applying the Kruskal-Wallis non-
parametric test.

Tatle 6 exhibits the results from the linear regressions
of equation (11) for all 11 commodities. For all commodi-
ties, except corn, the null hypothesis of no strictly linear
relationship between time to maturity and futures price
variability is rejected at the .01% level of significance by
means of the F~test. The R2 in general is high in all cases
(except corn) and is over .5 in the case of T-tonds and cop-
per. In the other commodities it varies between .181 to

.245 and only for GNMA and T-bills is as low as about .12.
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For the commodities examiped it seems that time to.maturity
explains a significant portion of the variation in futures
price changes. Only in the ‘case of corn the time to maturi-
ty fails to explain any significant portion of the futures
price variability. There may be other factors not included
in our regression that account for the unexplained variabil-
ity in corn.

The regression coefficients gnd their sign are in strict
conformity with Samuelson®s hypothesis. In all cases the
intercept is positive and significantly diffefent than zero
at .01% level of significance, as suggested by their t-sta-
tistics. Exception is only for corn where the intercept is
not significantly different than zero. The theoretical der-
ivation in (7) suggests that the intercept in cur 1linear re-
gression is the logarithm of the spot variance. Therefore,
we can solve for the normalized spot variance, which appears
in Table 6 under s2, as follows:

s2 = exp(c)
In all cases the implicitly estimated normalized spot vari-
ance is greater than 1. It reaches its highest value with
soybean meal suggesting that the variebility of the spot
price of this commodity when compared to the variability of
its futures prices, is higher than all the other commodities
examined.

The slope of fhe linear regression is negative for all

commodities and significantly different from zero at the
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. TABLE 6

Linear Regression Results: Maturity Effect

G e N G - e i PR G G e e > S A S e - - — - -

Corn 680 .,0105 -,0015 1.0106 .9993 1.11 .2918 .002
( 0.98) ( -1.05)

Wheat 657 .,1503 ~-,0226 1.1622 .9888 176.11 .0001 .211
(11.66) (-13.27)

Soybeans 904 ,1609 -,0250 1.1746 .,9876 262.73 .,0001 .225
(1Uo.25) (-16.21)

Soymeal 1040 .2117 -.0330 1.2358 .9836 337.67 .0001 .245

Soyoil 1064 .1757 -.0267 1.1921 .9867 300.13 .0001 .220
(15.19) (-17.32)

GNMA 806 .0644 -,0041 1.0665 .,9979 101.79 .0001 .112
( 8.68) (-10.09)

T-bonds 659 .1573 -.0096 1.1703 .9952 730.61 .0001 .526
(23.44) (-27.03)

T-bills 602 .,1951 -.0170 1.2154 .,9915 83.60 .0001 .122
( 7096)( ‘9-1“)

Copper 906 .1452 -.0159 1.1563 ,9921 1203.99 .0001 .571
(28.48) (-34.70)

Golad 890 .04l46 ~,004U9 1.0456 9976 196.67 .,0001 .181
(11.48) (-14.02)

Silver 878 0742 -,0082 1.0770 .9959 197.27 .0001 .184
(11.49) (-14.05)

't*' statistics are in parentheses.

"avY js the implicitly calculated autoregressive coefficient

of the spot price generating process in equation (7).
's2' is the implicit normalized variance of spot price
changes derived from (7).

- S S e D T - D - S G D D G G DR R D W S TR G e G TS AL LS S AP W N D e e W R R -

«01% level of significance. (except for corn where it is neg-
ative but insignificant). The negative slopes reveal once
more the existence of the maturity effect. Using the slope
coefficient we can implicitly estimate the autoregressive
coefficient of the spot generatinag process. From equation
(7) it follows that:

a = exp(b/2)
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The results appear under‘“a“ and prove the appropriateness
of the spot generating process in (1). For all commodities
(except corn), "Ya" is significantly 1less than unity, with
the smallest value .9836 for soybean meal.

In general, the results are in line with Castelino
(1981). His evidence is poor for corn as in our case. For
the other agricultural commodities he reports similar re-
sults with higher “a" in all cases. Since the methodology
used is similar, these differences can be attributed to the
different non-overlapping periods. He coveréd the period
1960-1971 while the present study covers the period
1972-1982. Rnother major difference is that in the earlier
period contracts were offered for trading only up to 11
months before maturity. After 1977, contracts opened for
trading more than 11 months before maturity and we are able
to include them in our study. Similar lack of evidence for
the "maturity effect™ on corn is reported by Anderson(1982),
who also fails to find any "maturity effect" in silver and
Kansas City wheat. This evidence in conjuction with the
fact that "a" for corn is not significantly different from
unity, hints on the explanation that corn is a very mature
market where participants for over a century, are trading a
commodity which is minimally affected by international
events. The domestic production dominates the world markets
and in this sense only domestic events affect corn prices.

This characteristic plus the heavy volume of trading in corn
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help traders make better assessments of prices, which are
evidently reflected on the high value of "a¥,., This evidence
further suggests that the non-deterministic component of
corn prices tends to follow a zero-drift random walk.

All the tests in this section conclude that the inverse
relationship between time to maturity and futures price
variability is a ceneral phenomenon in all the markets exam-
ined: agriculturals, financials and metals. Furthermore,
the strong evidence we established on the Ymaturity effectV,
sets the foundations to 1investigate another gquestion: Do
distant contracts with relatively thin markets (low open in-
terest and volume), exhibit price variability that cannot be
explaineé by the maturity effect alone? The discussion of
thin markets, its impact on the price wvariability and the
associated empirical evidence are studied 1in the next three

chapters.



Chapter 7

PRICE VARIABILITY AND RELATED WORK IN THIN
MARKETS

7.1 RELATED WORK IN THIN MARKETS

Trading exchanges offar the place c¢r the communication
devices or both through which investors exchange titles of
ownership (stock and bond markets), or agree to contracts
for future delivery of a commodity with specified quality
and guantity. What drives investors to buy or sell is the
new information wupon which prior expectations are revised.
We can therefore perceive trading in the exchanges as the
process through which previous or immediate information is
evaluated and irpounded in the prices c¢f securities. The
number of investors attracted to a particular security in a
par ticular exchange varies. Some exchanges attract a very
large number of market particirants, cthers do ncte. Scme
securities are very popular among investors while others at-
tract only a few. Common reasons for such phenomena of
preference are: size of the market, liguidity of the market,
investors®' tastes, price stability, riskiness, etc.

Among the reasons mentioned, 1liquidity of the market for
the security playé a very decisive role on whether an inves-

tor enters the market or not. If a security is held by a

- 59 -
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small number of people and/or traded in inactive markets the
investor cannot easily liquidaté his position. When he
does, he incurs high transactions costs and a possible loss
(gain) in the market value induced by adverse (favorite)
changes in prices during the time he is searching for a buy-~-
er or a seller.

Garbade (1982), defines a market as thin if two condi-
tions are met: (1) there are few buyers and sellers at any
given time and (2) the freguency of transactions is low.
The implications of these two conditions on érice behavior
is the absence of price resilience in the mrarket, or the
presence of thinness. According to Stigler (1964), Yresili-
ence is fhe ability to absorb market bid or ask orders with-
out appreciable fluctuation in price". There are active and
thin exchanges both in spot and futures markets. But even
on the same exchange there is a different degree of liquidi-
ty and thinness. For instance, on the Chicago Board of
Trade (the oldest futures exchange with the largest trading
volume) Treasury Bond futures is by far the most active mar-
ket followed by corn and soybeans, while silver (5000 oz.)
and plywood are very inactive markets. This existence of
thin markets is not tihe result of the absence of facilities
or communication devices. It results from the small number
of participants in these markets who trade infrequently in a

regime of high trénsactions costse.
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Open interest can be implemented as a proxy fot the num-
ber of market participants in the work of Cox (1976). Cox
observed the rpresence of ‘additional market participants
(speculators) when futures trading is permitted. Specula-
tors are able tc acguire information, evaluate it and trans-
mit it to the market by means of taking short or long posi-
tions.24 In addition, Cox argued that since a futures market
has a lower transaction costs, it makes possible the trading
among market participants with heteroceneous expectations.
This is due to the fact that the cost of communicating and
searching for a potential trader is small in a centralized
and impersconal setting.

It is obvious that Cox's arguments rest on the assumpticn
that information is costly to acquire and costly to trans-
mit, If information was costless futures trading would not
contribute to price stabilization. Furthermore, if prices
do not exhibit substantial variability there is noc need for
futures markets, since inforration need not bhe acquiregd.
Therefore, the best candidates for futures trading are com-

modities that exhibit substantial price variability which in

24 Not all speculators are well informed. Some are unin-
formed and enter the market just because they are lured
towards the chance of earning high profits. In fact both
Houthakker (1957) and Rockwell (1967) shed light on this
issue by empirically finding that large speculators are
well-informed (have good forecasting ability) and make
substantial profits, while small speculators are rather
uninformed and suffer considerable lc¢ssese. Both studies
use the number of open commitments of the large and small
speculators as well as futures prices to estimate the
profits and losses of these trading aroupse.
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turn invites the generation and transmission of new informa-
tion. |

Using weekly spot prices, Cox found that with futures
markets traders acquire more information about factors that
affect the demand for anl supply of the commoditye. This
newly generated information attracts a larger number of peo-
ple with an interest in the commodity which in turn makes
the market liquid. In liquid markets the cost of executing
a transaction is much less than the "execution costsY in a
thin market.25 Carrying Cox's findings one step further we
realize that for each specific contract the degree of 1lig-
uidity varies depending on the number of traders with out-
standing commitrents, i.e., open interest. 1In general, vol-
ume of open interest is monotonically increasing with the
elapsed time from initiation wuntil it reaches a peak and
then starts declining.26 Therefore, we can use the open in-
terest as a good proxy for liquidity.2? The market for this
contract in the first few months from initiation will be
thin or illiquid, then a prolonged period of a ligquid mar-
ket, and in the last one or two months, acain an illiquid

market.

25 Both Working (1970) and Telser and Hicinbotham (1977)
support this statement.

26 Empirical evidence presented in a later section shows the
behavior of volume with time to maturity resembles the
behavior of cpen interest.

27 Gray (1960) also uses open interest as a measure of thin-
ness in futures marketse.
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Such an analysis sets ;o examine the differential futures
price variability during the periods of liquidity and illi-
guidity. The linkage between open interest and volume and
the variability of prices is supported by Telser and Higin-
botham (1977). They found evidence of an inverse relation-
ship between price variability and volumre of trade and reaf-
firm Cox's arcument that futures trading increases the
liquidity of the market.

In their theory the standard deviation of the market
clearing prices is used to measure the liguidity of the mar-
ket . They show that the dispersion of the market clearing
prices, decreases due to increased futures trading. The
standard deviation approaches zero as the volume of trans-
actions increases per unit of time. A sample of 51 commodi-
ties, divided equally into active, 1less active and dormant
groups, generates results guite consistent with their argu-
ments. In a sample of 25 commodities (17 active and 8 inac-
tive) they observed that the simple correlation between open
interest and volume of trade 1is .933. Their results are
good indicators of the relationship of trading activity with
price behavior. However, they used average volume and open
interest for a civen commb>dity. Such data cannot provide ev-
idence on how this relationship holds for individual con-
tractse. In a strict sense, their theory cannot be used to
test the behavior of price variability tecause it disregards

the observed relationship between time to maturity and vol-
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ume of open interest. They considered the standard devia-
tion of the market clearihg prices as a proxy for liquidity.
However, (as mentioned ab>ve) volume of trade is also an in-
dicator of the liquidity in the market. Defining the stan-
dard deviation as a function of the volume of trade in their
equation (6), they do not make this formula explicit in
terms of liquidity. Therefore, we cannot use their results
to imply a relationship between price variability and 1lig-
uidity.

Studies in the stock markets (Cohen et.al. (1976), Cohen
et.al. (1978) and Papaioannou (198B2)) assess the possible
effect of thinness (illiguidity) on the variability of re-
turns. .The evidence suggests that the thinner the market
for a security the higher the price and return variability
it exhibits. Copeland (1976, 1977), and Epps (1975) pre-
sented theoretical models where they found that the total
number of shareholders, the percent of traders whc view new
information optimistically, the number of shares outstand-
ing, transactions costs and the rate of messaqge arrival per
unit time affect trading activity. R reduction in trading
activity will increase the bid-ask spreads and consequently
increase the volatility of such spreads. In futures markets
trading does not involve market makers (i.e, specialists)
but is conducted in an open outcry of available bids and of-

fers.28 When trading activity is 1low sreculators who initi-

28 This means that at times of high trading activity it is
likely that same contracts may simultaneocusly be bid or
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ate angd offset positions ;n the course of one day's trading
session (scalpers, day traders) are unwilling to enter the
market. This is because of the higher risk that they may
not be able to offset their position timely without a loss
or without ensuring an appropriate profit in the absence of
a liquid market. Unwillingness among these traders to take
positions in the markets is bound to introduce 1lower bids
and higher asked prices than it would in a 1liquid market.
Therefore, the spread in bid and asked prices is widened in
futures markets as in the stock markets, when trading is re-
duced. Furthermore, the volatility of the spreacd will in-
crease if transactions are slow and order imbalances do not
stabilizé temporary price changes. Another way to establish
higher wvariability in thin markets is through Stigler's
(1968) contention: 1lower trading activity increase market
uncertainty about fair prices and thus buy and sell orders
are quoted at prices that deviate from the equilitrium fair
prices.

Futures contracts exhibit a unique characteristic that is
not present in the spot marketse. Since each contract has a
finite span of l1ifs, the number of participants for each
contract exhibits systematic relationship with the passage
of time. It increases slowly, reaches a peak gradually and
declines quickly to zero at maturity. At the time a con-

tract opens for frading the open interest is 2zero since no

of fered at different prices in different parts of the
trading pit.
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one has undertaken any prpmise of delivery as of that time.
However, as.time unfolds trading on this contract advances
and the number of contracts increases mcnotonically until it
reaches a peak 2-3 months before maturity. Then, open in-
terest starts declining very fast until all positions are
closed at maturity. A typical case of the open interest-
time to maturity relationship is depicted in Figure 7, which
can also be expressed as:

0I = £ (T-t) : (18)
where, current time is denoted with t, CI is the oren inter-

est, T is the maturity date and T-t is the time to maturity.

== - - e e e m———— - 3
| ' |
i i |
| | |
| Open | ° |
| Interest| ° . |
I | o ¢ |
| | e o !
| | o . i
| |e ) |
| B e ettt Rt P 0=~ i
| 0 T |
| Time Left to Maturity |
| |
| |
| Figure 7: The Relationship between Cpen Interest and }
} Time to Maturity ' |
S - — _ _

If the open interest is sufficiently capturing the trading
activity in futures markets, we can write price variability

as a function of open interest:

s = g(Cl) (13)
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where, ) ds/ d0XI < 0 s (20)
In equation .(18), the derivative with respect to time to ma-
turity for the distant months is negative:
“ doI/d (T-t) < O (21)
Substituting for OI from (18) in (19), we can express price
variability s, as a function (h) of open interest and time
to maturity:
s = g(f(T-t)) = h(CI,T-t) (22)
Differentiating (22) with respect to time to maturity and
using the signs of the derivatives in (20) and (21) we get:
ds/ d(T-t) = ( ds/ V0I) ( YOI/ 9 (T-t)) > O (23)
Based on the previous discussion, equation (23) should be
true during the distant months in which open interest is
low. The positive systematic relationship between price
variability and time to maturity, as evidencedé in (23), is
contrary to Samuelson®s maturity effect hypothesis. Since
we have already established strong evidence on the latter,
the question arises whether in the months with low open in-
terest, futures price variability is greater than predicted
by Samuelson's hypothesise. A variability 1in excess of the
amount predicted by the time to maturity would be due to
thinness. In the next section we discuss the methodologf to

test this issue.
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7.2 EXCESS VARIABILITY IN THE ILLIQUID MONTHS HYPOIHESI3

This hypothesis is derived from equations (22) and (23)
and can be stated as follows:

H(0): There 1is no difference in the variability
between liquid and illiquid months, after the ma-
turity effect is neutralized. ,
H(1) ¢ Price variability during the l1iquid months
is different than the price variability in the il-
liguid months, ceteris paribuse.
To test for this hypothesis we need gquantifiable measures
for price variability and liguidity. Since we can use the
variance of price changes as calculated earlier, we focus
our attention on the measure of liquidity.

Copeland (1979), in a study of stcck markets wused two
measures.to estimate the ligquidity in the market: (1) chang-
es 1in the proportional share volume of +trading and (2)
changes in transactions costs as a percent of value traded.
Cornell (1981) studied the relationship between liguidity
and price variability using volume partly as a measure of
liquidity in the futures markets. Telser and Higinbotham
(1977) use both open interest and volume of tradinc to meas-
ure liguidity in the market. In our study we can select ei-~
ther open interest or volume, as a surrogate for liquidity
in the market because we are only interested in dividing the
trading period ¢f a futures contract into 1liquid and i11i-
guid parts. Since we measure price variabilitﬁwover monthly

estimation intervals, we need a proxy for 1liquidity that

captures the monthly movements of public interest in trad-
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ing. We believe that monthly averages of open interest or
volume can reveal changes in thé level of 1liquidity. This
measure of liquidity is calculated as fcllows:

For each c¢f the 11 commodities we obtain daily open in-
terest for each contract, which we average in monthly inter-
vals and record the corresponding time to maturity.29% Month-
ly averages are taken as a simple average of open interest
on the first and the last trading day of the month.39 Then
we take the grand averag2 of all averages across contracts
(for a commodity) segmented according tc the time to maturi-
ty. Plotting open interest against the time to maturity, as
in Figure 7, should reveal the “cut-offY month (if any) be-
tween liguid and illiquid months. Since the maturity effect
imposes a negative monotonic relationship between variabili-~
ty and time to maturity, we can plot this relationship for
the 1iguid months (as in Figure 8) and then extend it to the
illiquid months. 1f the calculated variability (denoted
with Xx) lies consistently above the implied variability (de-
noted with dots) our alternative hypothesis will be accept-

ed.

—— - — -

29 Open interest and volume data were obtained from the Sta-
tistical BAnnuals which are published by the futures ex-
changes on which the various commodities are traded.

30 Figlewski (1981) constructed in the same way an open in-
terest variable as a measure of futures markets activity.
Hill and Schneeweis (1982) refer to the liquid contracts
as those with high open interest.
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The evidence on the relationship of time to maturity with

volume and open interest is presented in the next chapter.



Chapter 8
THE RELATIONSHIP OF TIME TO MATURITY WITH VOLUME
AND OPEN INTEREST

The calculations of the monthly average volume 1is slightly
different from the calculation of the average open interest.
The difference is that monthly averages of volume_are based
on all trading days in a month. If the first-last trading
day average volume was used, significant biases would have
been introduced. This is because the daily volume within a
month has a rather random behavior with no specific trends.
Therefore, an average based on first-last trading day volume
seems innapropriate. However, this problem is not present
when calculating average open interest, because within any
month open interest exhibits a monotonic behavior (increas-
ing or decreasing), in general. Hence, first-last trading
day open interest can sufficiently estirate monthly average
open interest.

Another important issue in calculating monthly averages
of open interest and volume is the observed seascnality in
the variance of price expressed as "month", "year", or “con-
tract month" effects. If open interest and/or volume are
sensitive to the same sources of seasonality that the vari-
ance of price changes is, then it matters what averaging

procedure we use. Using two years of data we try to isolate

- 71 -
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these effects by averaging across different calendar years,
calendar months and contract months, holding constant only
the time to maturity. In this way any form of seasonality
will not bias the relationship of liquidity measures to the
time to maturity.

In Table 7 we present the average open interest in a giv-
en month away from maturity. The results are for the years
1980-1981 for all commodities. Overall, the results reveal
the interesting behavior of open interest as contract nears
maturity: it increases rapidly during the first 3-4 months
fror initiation and then slowly, until it reaches the maxi-
mum value 2-3 months before maturity. This relationship is
captured‘dramatically in each of Figures 9 through 12.

The level of open interest differs across futures mar-
kets, with corn having the highest open interest and silver
the smallest. It is no surprise that corn enjoys such a
large number of open commitmentse. Corn is the bicgest sin-
gle crop in the U.S5. and as such it affects a relatively
large number o¢f market participants-farmers, commercial
users and animal feeders. Cn an average, it takes the open
interest of wheat (second largest crop) tocether with that
of soybean complex (beans, meal and oil) to match corn’'s
open interest. Among the three metals, gold has the highest
open interest followed by copper and far below by silver.
T-bonds, followiné corn, soybeans and wheat, have the high-

est open interest among the financials with G.N.M.A. and TI-



TABLE 7

Average Open Interest by Month to Maturity: 1980-81
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CORN WHEART SOYBEANS SOYMEAL S

- B EE®eeen ae- e~ e PR T T T T T T AR P Y S LT Y P P T TR Y L R L

MIM 1) (2) () (1) (@) 3 ) (2 3 1 (2 O
33,402 9 -.81 8,169 6 -.88 23,955 13 -.79 2,669 16 -.77
174,973 49 -.U44 66,527 53 -.42 112,811 63 <-.37 11,677 70 -.30
314,309 88 ~-.11 114,870 91 ~-.09 178,347 100 »18 16,713 100 .22
354,377 100 .20 126,327 100 .13 150,765 64 «12 13,703 82 .32
323,091 91 .31 112,001 69 .28 134,828 76 23 10,388 62 .37
206,887 70 .23 87,788 6% .38 109,733 76 21 7,566 45 .31
200,339 57 .22 63,620 SO0 .17 91,044 51 «20 5,796 35 U0
163,930 u6 .26 54,50 43 ,52 75,958 43 25 4,185 25 .40
130,164 37 .35 35,755 28 .40 60,769 34 28 2,969 18 U5
96,308 27 .44 25,492 20 .63 87,313 27 «38 2,047 12 .51
10 66,6863 19 .49 15,684 12 .52 34,162 19 «53 1,360 8 59
11 44,749 13 .55 10,312 8 .78 22,295 13 +59 e85y 5 .87
iz 28,821 8 .70 5,794 5 1.05 14,058 8 1.17 456 3 l1.22
13 16,941 6 1.88 2,830 2 2,42 6,92 4 1.68 205 1 3.7

VOIOLEWNNO

14 5,877 2 1.19 827 1 2.88 2,421 1 11.29 L3 0 3.78
15 2,683 i - 213 o - 197 0 - 9 o -
SOYOIL COPPER GOLD SILVER

R R ERRL AR LR R EECCEE PR CCERREREE G PR PE GRS RS SR WSS e

MIM 1) (2 (3) (1) (@2) 3 (1) 2) (3) 1 (2

e A ACER PR CGLEE CRCREEE P TR RRERRES P CCLEAEREEDEGREEBRES B G TS S

0 3,249 17 -.77 876 S -.90 2,571 8 =-.86 808 9 ~.63
1 14,022 71 -.29 6,538 50 -.48 17,928 58 -.42 4,632 54 -.Ub
2 19,666 100 .25 16,384 96 -.04 31,110 100 «15 8,588 100 .11
3 15,754 60 .46 17,031 2100 .25 27,140 87 24 7,754 90 .14
4 10,789 55 .40 13,162 77 .43 21,893 70 «08 6,827 79 .37
5 7,733 39 .26 9,187 5S4 .29 20,185 &5 «07 4,987 58 =.01
6 6,203 32 .30 7,116 42 .30 18,953 61 -.03 5,038 59 .27
7 4,753 28 .30 5,492 32 .29 19,550 63 <-.00 3,979 46 .02
8 3,645 19 .40 4,251 25 .34 19,562 63 =-.03 3,884 45 .19
9 2,605 13 .47 3,173 19 .27 20,234 65 <=.02 3,254 38 -.18
10 1,777 9 .18 2,496 15 .17 20,645 66 <-.03 3,949 46 .02
11 1,510 8 1l.U6 2,125 12 .35 21,203 ¢&6 .03 3,888 45 .18
12 615 3 .75 1,576 9 .19 20,634 66 <-.02 3,300 38 .47
13 352 2 1.50 1,328 8 <07 21,029 68 «06 2,252 26 .17
b1} 141 1 . 1,238 7 <81 19,825 64 «58 1,918 22 .57
is 81 0 - 880 5 .19 18,780 60 013 1,223 14 .11
16 n2 4 .60 16,604 53 «10 1,106 13 .46
1? u6s 3 <26 15,094 49 022 157 9 .08
18 369 2 .63 12,367 &0 «33 703 8 .53
19 226 1 .35 9,277 30 +96 458 5 .36
20 168 1 .79 4,724 15 «6U 338 4 .94
21 94 1 2.90 2,879 9 1.61 174 3 1.64
22 24 0o - 1,105 q - 66 1 -



Table 7 (continued)
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0 1,284 10 -.80 6,829 17 -.69 4,270 30 -.52
1 6,560 53 -.38 22,377 54 -.32 8,889 64 -.36
2 10,665 86 =-.14 33,122 81 -.25 13,995 100 .00
3 12,467 100 «11 41,088 100 «29 13,940 100 .29
4 11,276 SO .02 31,810 77 +47 10,822 177 27
5 11,068 89 .18 21,601 53 -.,03 8,546 61 «30
6 9,370 175 o4 22,289 54 015 6,590 47 o 24
7 9,044 73 -.01 19,334 47 012 5,336 38 .08
8 9,178 M4 .07 17,303 42 -,03 4,918 35 027
9 8,559 69 -.01 17,816 43 005 3,865 28 32
10 8,683 70 -.01 16,931 4l -0U 2,935 21 «20
11 86,758 70 02 16,322 40 -.08 2,439 17 29
12 8,590 69 -.03 17,649 43 .02 1,896 14 24
i3 8,896 71 -.05 17,311 42 .01 1,538 11 .01
i4 9,341 75 -.04 17,077 42 -.02 1,512 11 .16
15 9,744 78 -,01 17,417 42 «02 1,299 9 .19
16 9,878 79 -.03 17,028 41 «02 1,095 8 23
17 10,170 82 .02 16,687 4l «00 887 6 24
18 9,992 80 .03 16,563 u0 «07 716 5 23
19 9,667 178 .02 15,458 38 .01 580 4 37
20 9,518 76 .04 15,379 37 -.02 42y 3 «58
21 9,172 74 .07 15,670 38 .06 269 2 .88
22 8,578 69 .07 14,716 36 07 143 1 1.80
23 8,023 64 16 13,790 34 .07 51 0 -

24 6,939 56 «11 12,844 31 «06

25 6,244 50 .06 12,087 29 N

26 5,899 47 «18 11,672 28 «07

217 4,982 40 .19 10,919 27 .18

28 4,202 34 213 9,272 23 020

29 3,705 30 «3U 7,751 19 28

30 2,771 22 «18 6,032 15 59

31 2,353 19 «30 3,791 9 -,09

32 1,812 15 U4l 4,172 10 «60

33 1,285 10 -.34 2,607 6 -.U47

34 1,936 16 1.12 4,948 12 U0

35 1,729 14 - 3,530 9 -

'MTM* stands for months to maturity.

The monthly average open interest is in column -(1).
Column (2) is the percentage proportion of each average
open interest relative to the highest average open
interest for that commodity.

Column (3) shows the rate of increase or decrease cf the
average open interest for a given month to maturity, over
the previous month to maturity.
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Figure 9
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Figure 10
Open Inferest and Time o Maturity:
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Average Open Interest
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Figure 12
Open Inferest and Time to Maturity:
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bills in lower but similar ranking. Bmong the 11 commodi-

ties examined, only the 5 agriculturals, copper, silver, 1I-

[ 4

bonds and T-bills exhibit a strict gradual increase with a
decrease in time to maturity. G.N.M.A. and especially gold,
seem to attain most of the open interest in the first 5-8
months from initiation and retain it at the same level until
4-5 months before maturity. This behavior of open interest
can easily tLe seen in the percentage of each average open
interest relative to the highest average open interest for
that commodity (column (2)) and in the relative change of
average cpen interest between two consecutive months to ma-
turity (qolumn (3))» Column (2) reveals that 50% of the av-
erage highest open interest is reached within 4-6 months be-
fore the delivery month, while the peak (100%) occurs in the
2néd or 3rd month before maturitye. Exception to the former
conclusion is the behavior of gold and G.N.M.A., where half
of the open interest is reached 16 mcnths (gold) and 25
months (G.N.M.R.) before maturity.

Column (3) shows dramatic rates of increases during the
first 3-4 months from initiation, then relative smooth rates
of increases until the 50% open interest 1level is reached.
Beyond this point, 1large rates of increase are observed so
that the peak is reached within 2-3 rmonths. Afterwvards,
traders start closing their positions and the open interest
declines abruptly.to small levels of 5%-30% c¢f the highest

observed open interest. This proportion is higher with fi-
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nancials (G«N.M.A.=10%, I—bonds=17%, T-bills=30%) . and the
soybean complex (beans=13%, meal=16%, 0il=17%). Such behav-
ior might signify a higher proportion of contracts delivered
with these futures markets, or different risk of exposure
during the month of deliverye.

One disadvantage in measuring liquidity as number of open
commitrents, is that it does not capture the trading that
invclves offseting positions within a daye. Day traders
(mostly commodity exchange members) initiate positions dur-
ing the course of a trading session and they rarely carry
themr overnight. Scalpers (professional traders and exchange
members) fall in this category of traders. They trade in
minimum ifluctuations a largce number of contracts taking
small profits or losses. Their presence in futures markets
adds to the level of speculative 1liquicdity and it 1is cap-
tured in the reported volume of transactions. QOur results
on the average volume per wmonth are shown in Table 8 and
Figures 13-16.

In all 11 commodities the results indicate a strong rela-
tionship of average volume with time tc maturity. Volune
increases significantly during the first few months from
contract initiation, then slowly increases to reach a peak
in 1-3 months before maturity and drop to very 1low levels
thereafter. The two most heavily traded céhmodities are
corn and soybeans.followed by wheat, T-bonds and gold. The

rankings based on volume are the same as those with the open



TABLE 8

Average Volume by Month to Maturity: 1980-81
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Table 8 (continued)
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40
<98

46
W42
.11
27
.03
10
07
.02
-011
11
.08

17
21
"037
27

2,036 7 -.00 1,352 12
2,044 7 JU9 1,030 9
1,369 5 34 621 6
1,020 4 =-,12 378 3
1,164 4 26 251 2
921 3 «06 180 2
871 3 -.21 132 1
1,107 4 il 142 1
783 3 «18 93 1
661 2 -.26 53 1
898 3 e28 57 1
704 3 29 40 0
546 2 -.40 25 0
913 3 53 27 0
596 2 12 18 0
531 2 -,24 U 0
695 2 28
541 2 020
449 2 -+2U
588 2 U2
413 1 38
299 1 -.08
324 1 52
213 1 »16
184 1 -.27
252 1 1.83
89 0 -.58
211 1 -

stands for months to maturity.

The monthly average volume is in column (1).
Column (2) is the percentage proportion of each average
volume relative to the highest average volume
for that commodity.
Column (3) shows the rate of increase or decrease of the
average volume for a given month to maturity, over
the previous month to maturity.
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Figure 13
Volume and Time to Maturity:
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Figure 14
Volume and Time fo Maturity:
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Figure 15
Volume and Time to Maturity:
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Figure 16
Volume and Time to Maturity:
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interest. Blso, silver with the smallest open interest has
the lowest volume among the 11 cdmmodities. Furthermore, in
7 out of 11 cases open interest and volume peaks are in the
same month. Overall, it seems that monthly trading actiQity
is captured successfully 'by both volume and@ open interest.
To provide evidence on this assertion we calculate the cor-
relation coefficients between the average open interest and
volume from Tables 7 and 8. The evidence 1is presented in
Table 9 through two correlation measures, one rarametric
(Pearson product-moment correlations) and one non-rarametric
(Spearnan rank-crder correlation). The correlation coeffi-
cients are high in general, while Spearman'’s coefficients
are greater than Pearson's in all cases. The two highest
Spearman's coefficients are for Treasury bills (.993) and
wheat (.982). Wheat (.971) @and ccpper (.957) are the two
highest Pearson'®s coefficients. Both tests found the small-
est correlation between open interest and vclume for
GeN.M.A. and gold. The smaller correlation coefficient for
GeN.M.A. and gold relative to the other commodities is pri-
marily due to having a rapid increase in open interest which
is not accompanied by a similar behavior in averacge volume.
One interesting observation is that soybeans, soybean meal
and soybean o0il have the same Spearman®s rank o;der correla-
tion ccocefficient (.947).

Both measures Af correlation in Table 2 demonstrate that

the average open interest and volume are equivalent proxies
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'TABLE 9

Correlation between Open Interest and Volume

A G S e G DG W G W S R GRS S e R e G G P W e e A -

Pearson Product Spearman Rank-Order
Commodity Moment Correlations Correlations
Corn « 9486 « 965
Wheat «971 »982
Soybeans «893 «947
Soybean Meal +882 947
SOYbean 0il « 898 e9U7
G.N.M.A. .u93 .720
Treasury bonds «800 «913
Treasury bills « 954 «993
Copper »957 ’ «967
Gold «512 645
Silver e 747 «876

- R D W A - S S e W P - wh IR G S D e WP B W W S S A WP W G D P WP R G S e D W D G G G G AP e T -

Significance level at .01%

- . T - e W G G S S P P WS S e e W G P W W WP e S e Sy G W e G P W e D G R W G R G WL W e @ e

of trading activitye. However, for our purposes, Spearman's
rank correlations are stronger and more appropriate to use.
The reason for this is that we are not primarily interested
in relating the change of open interest in units to the
change of volume in units but rather in measuring the rela-
tive ranking of average open interest as opposed to average
volume. The results in Table 9 which are significant at the
.01% level, sucgest that studies in futures markets can use
monthly averages of volume and of open interest interchange-
ablye.

With respect to the differences ¢of volume behavior across
commodities, the.S agricul turals exhibit smoother develop-

ments of volume than the rest. At delivery month, in corn,
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the soybean complex, T-bills and silver there is'signifi-
cantly higher trading volume in comparison to the other mar-
kets, where 1less than 10% of trading (relatively to the
highest observed volume) occurs. In the financials and met-
als, volume 1increases at a very slow pace, Even 6 to 7
months before maturity the volume is only 20¥% of the highest
observed volume for those markets. Since the open interest
builds up faster than volume we might infer that the YextraV¥
volume added abruptly during the 6 months before maturity is
mostly due to “day trading", the speculative activity of day
traders and scalpers. In the other months c¢f trading it
seems that volume is determined by the hedgers and mainly
the Yposition traders", speculators (professional traders or
public commodity traders) who initiate a futures position
and hold it over a period of days, weeks or months. How-
ever, this observation should not lead one to argue that fu-
tures markets are 1liqguid only during the 6 to 7 months be-
fore maturity and thin during the others. Bs 1long as the
open interest is high or increases during the other months,
position traders can provide a sufficiently 1liquid market.
To the extent that the open interest is low during the dis-
tant months from maturity, some degree of thinness will be

asscciated with these months.31

31 On the basis of vast differences across markets in the
average level of both volume and open interest, it could
be argued that a market scoring 1low on both might be il-
liquid throughout the months of trading. This might be
true with silver. However, if the silver futures market
is less liquid as a whole, it could still be true that
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Tables 7 and 8 help identify the Ycut-off" months during
which the contract moves fronm béing thin to ligquid. Since
the identification of the precise Ycut-off" month is diffi-
cult, it 1is appropriate to wuse multiple “cut-offY months
within a rance of the most likely months to maturity. These
veut-offY months and the associated empirical results are

presented in the next chapter.

trading during distant months is even less liquid. It is
this relative 1illiguidity within a particular contract
that we try to analyze.



Chapter 9
EVIDENCE ON THE THINNESS RELATED PRICE
VARIABILITY

To choose the range of Ycut-off" months, we use the re-
sults of open interest in Table 7. We search for the month
at which the changes in column (3) were decreasing substan-
tially after a period of dramatic increases. If a substan-
tial level of open interest has also been achieved (as col-
umn (2) indicated) we presume that around this month the
contract has a liguid market. To avoid the possibility of
an error in the identification of a month to maturity as a
“cut-off” month, we take a 3-month interval of the would-be
wcut-off" months (2-month interval in the c¢ase cf gold).
Then, we run three OLS regressions of eguation (11) for each
commodity, each time taking observations up to and including
the Ycut-off" month. The recression coefficients, F-statis-~
tics, and R2 are all presented in Appendix B. In all cases
except corn and Treasury bills, the R2 is at acceptable lev-
els, while the regression coefficients are significant and
have the correct sign (positive YcY and negative “b"). We
then use these coefficients to %Yextend" the regression line
beyond the "Ycut-off" month and calculate the estimated er-
rors as follows:

errortj-‘- N(th) -8 - %(T(j) ~-t). (24)

- 91 -
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For each commodity and each “cut-off" menth we calculate the
numter of positive and negative érrors as well as the aver-
age estimated error. To aﬁglyze these results we test two
statistical hypotheses.

(1) To test for the proportions of positive and negative
errors we employ the sign test, a non-parametric test. The
sign test is designed to determine whether significant dif-
ferences exist between two populations of positive and neg-
ative errors. Cur null hypothesis is:

H(0): P(+)=P(~)=.5 , against the alternative H(a): P(+)#.5
For 1large values of n (sample size) and the quantity

nP (+) P(-) greater than 3, we can approximate the binomial

with a normal distribution and calculate the critical value:

z = (x/n = «5)/ V P(+)P(-)/n
where, x is the number of positive errcrs. In Table 10 we
present the number of positive and negative errors as well
as the associated Yz"-values for all months beyond the Ycut-
of fV months. B single asterisk next to the z-value indi-
cates significance at 10¥, a double asterisk at 5% and a
triple at 1%.

(2) To test the magnitude of the estimated error, we as-
sume that the errors are approximately normally distributed
with mean zero and standard deviation s. Our hypcthesis is
formed as follows:

H(0): Avg=0, against the alternative H(a): Avg#0
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'TABLE 10

. Estimated Errors and z-statistics

- - -, .. - S G .S Y - -

Commo-
dity MIM (+) (=) z (+) () z (+) (=) z
8 9 10
9 25 30 -+67 - -
C 10 20 35 =~2.02%:=% 19 36 =2,29%:x -
0 11 22 33 -1.u8 19 36 =2,99%%%k 22 33 -1.48
R 12 18 13 0.90 16 15 0,16 18 13 0.90
N 13 8 21 =2.43%=% 8 21 =-2.,41%:% 8 21 -2.081%*
14 2 10 -=-2.31%=% 2 10 -2.32:%% 2 10 =-2.,313%%
7 8 9
8 36 18 2. U5%% - -
W 9 40 15 3.37%%k 37 18 26565 -
H 10 35 18 26 3 34 19 2,065k 31 22 1.24
E 11 34 172 2e38%% 33 18 241 0%% 30 22 1.26
a 12 21 8 2.01%% 21 8 26U % 1g 11 1.30
T 13 14 14 0.0 14 14 0.0 14 14 0.0
14 4 6 -0.63 4 6 -0.63 4 6 -0.63
8 9 10
B 9 42 35 0.80 - -
S E 10 44 33 1.25 46 31 1.71%% -

O A 11 45 30 1.73% 45 30 1.73% us 30 1.73*
YN 12 17 12 0.93 19 10 1.67% 19 10 1.67%*
S 13 1112 -0.21 11 12 -0.21 11 12 =-0.21

14 5 1 1.63 6 0 2. U5%:% 6 0 2.45%%
6 7 8
7 U3 46 -0.32 - -
8 41 48 -~0.74 41 48 <-0.74 -
M 9 49 40 0.95 U9 uo 0.95 50 39 1.17
S E 10 56 32 2.56%% sS4 34 2613% 60 28 3l
O A 11 44 34 1.13 44 34 1.13 uy 34 1.13
YL 12 26 15 1.72% 26 15 1.72% 26 15 1.72%
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-4 9155
-3 .78%%%
-3,78%%%
-4 91

-4 43
~3.66%%%
~5.10%%%
-4 71w
-3 .92
-4 .38k
-3.96%

=l 69k

~l o 3 8siix
-4,8 O siesisls
’u . 2 6***

(Continued)
7
27 62 =3.71%%%
31 58 -2.86%%%
24 64 =4, 26%k%
22 58 4,0 3%k
11 29 ~-2,85%:%k
11 23 -2.06%*%
4 14 =-2,36%:=
28
10 10 0.0
10 9 0.23
11 7 0.90
11 7 0.94
6 1 1.89%
3 3 0.0
5 1 1.63
28
10 8 0.u7
11 9 0.u45%
11 7 0.94
12 5 1.70%
3 2 0.45
2 2 0.0
i 3 -1.00
9
6 22 =3,02%%k
5 23 =3,0U0%%%
5 23 =3.80%%%
4 23 -3,66%%=
4 23 -3.,66%%x
1 25 4,725k
3 23 -3,92%%k
3 23 =3,92%%k
1 22 -4,38%%%
2 21 -3,96%:
0 22 ~U4,69%%x
1 22 -4,38:kk
1 22 -4 ,38%%
1 21 -4,26%%%

-3.40%%%
-3.02 %%
-2 .89 %%%
<2489 %%k
-l 7L
-3.53%%%
-3.92%%%
’u.38***
’3.96***
-Q.GQ***
-4, 38 %5%
-U,38%%%
-u.ZG***
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0.59
'0.“3
3.02 %%k
1.35
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Table
7
8 24 23 0.15
9 23 23 0.0
10 25 21 0.59
: 11 22 27 -0.71
C 12 21 27 2 .65%%
0 13 15 12 0.58
P 14 19 8 2012%%
p 15 17 10 1.35
E 16 18 10 1.52
R 17 16 12 0.76
18 22 6 3 .02%%
19 17 10 1.35
20 17 11 0.13
21 20 7 2515k
22 17 1 2..0U%=
17
G 18 12 14 -0.39
0 19 12 14 -0.39
L 20 9 17 -1.57
D 21 11 15 -0.78
22 9 16 -1.40
12
13 19 7 2.35%%
14 21 4 3.80%:%
S 15 18 8 1.96%=%
I 16 17 9 1.57
L 17 19 8 2612%%
\) 18 14 11 0.60
E 19 20 5 3.00%
R 20 17 =8 1.80%
21 19 7 2 o 35%:k
22 14 8 1.28

) : Number of positive
) : Number of negative
% : Significant at the
* s Significant at the
* ¢ Significant at the

- G - - - - -

10
8
22 24 -0.30
24 22 0.30
20 29 -1.29
* 18 10 1.51
i3 14 -0.19
19 8 2012%:%
17 10 1.35
17 11 1.13
16 12 0.76
21 7 2 ¢ 6 5%2%k
15 12 0.58
17 11 1.13
18 9 1,73%
16 8 1.63
18
13 13 0.0
10 16 -1.18
12 14 -0.39
10 15 -1.00
13
21 4 3o 4Ok
17 9 1.57
14 12 0.39
19 8 2e12%:
13 12 0.20
¥ 16 9 1.40
16 ¢ 1.40
i8 8 1.96%:%
14 8 1.28
2YIrorse
errorse.
10% level.
5% level.
1% level.
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For samples with less than 30 observations we use Student's
t statistic with n-1 degrees of freedom:
t=(Avg) (V) /s
For sufficiently large samples (n230) we have taken advan-
tage of the Central Limit Theorem and uvse z=(Avg) (Vhn)/s as
our test statistic. Furthermore, with large samples we do
not have to assume any population normality, so the standard
deviation s 1is used as a satisfactory estimate of the un-
known population standard deviation. Table 11 presents the
average estimated errors (ARvg) and the associated t-statis-
tics. The asterisks show the three levels of significance
we use, same as in Table 10, where the significance was
based on the t-valuas only.

Tables 10 and 11 while testing the same hypothesis in two
different ways produce virtually the same results: price
variability during the illiquid months is a commodity-depen-
dent phenomenon. During the illiquid mc¢nths price variabil-
ity for copper and silver is higher than what the “maturity
effect" hypothesis suggests. Wheat and soymeal show higher
variability in the illiquid months except durihg the very
first months from contract initiation (months 13 and 14).
Strong evidence that the variability is lower during the il-
liquid months 1is exhibited by soyoil and Treasury bills.
Corn also has lower variability, but the results cannot be
rigorously interéreted since the regression coefficients

from Appendix B used to estimate the errors, are insignifi-
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Average Estimated Errors and their t-statistics

- e I G T D T G ST W A G W S e e D AR I G G e G S D R D G S G b W e A G A R G W G Ve D G e W

Commo-
dity MTIM

S A D G~ e W D A D T W W A o W - - -

- - o - -

-0.0152
-0.0182
-0.0378

0.0349
-0.0790
‘001751

0.99
~0.87
~2e25%%

1.33
~2.47:5%
~3.63%%%

- -

-0.0349
-0.0455

0.0261
-0.0887
-0.1858

-2612%%
1.43
‘2.38**

-3. 5 E12
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0.0089
0.0u68
0.0324
0.0581
0.0668
0.0572
-0.0384

2.15%%
2.56%%
1.99%
1.52

0.0u424
0.0272
0.0521
0.0601
0.0498
-0.0U466

0.54
1.34
1.05
0.59
-0.99
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B 9

S E 10
O A 11
Y N 12
S 13
14

7

8

M 9

S E 10
ca 11
Y L 12
13

14

-0.0104
-0.0117
-0.0078
-0.0192
-0.0281

0.0959

0.0027
'0.01’42
0.0040
0.0568
0.0402

0.0927 .

0.1097
0.2122

- - e - -

-0.0071
-0.0025
-0.0131
-0.0214

0.1033

-0.0162
0.0016
0.05u41
0.0371
0.0893
0.1059
0.2081

t Avg
-1.09
=2.71%%%x -0.0356
1.00 0.0374
=2.77%%% -0,0761
=3.86%k% -0.1718
3, 07 %%k

1.80% 0.0082
2 030%% 0.0303
1.79% 0.0354
1.33 0.0222
-0.60 -0.0771
-0.34
-0.12 0.0003
-0.uu -0.0099
-0.38 -0.0178
3,21k 0,1072
’0091

0.10 0.0100
2.,60%%% 0.0638
1.38 0.0483
2 4 Y%k 0.1018
1.56 0.1198
1.31 0.2233

- e - - -

0.02
-0.33
-0.31
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-0.0383
-0.0651
~-0.0823
-0.1188
-0.1187
~0.1866
~0.2018
~0.1189

=26 T5%%%
T E2
-5 2T 5%%
-6036%%
-6 04
=4 ,50%%%
-3.“3***

‘1.62

-0.0433 -2,90%%k::
=0.0563 =3.61%%:k
-0.0887 -U4,75%%%
-0.0845 -4 o327k
-0.1484 =358k
=0.1594 -2 ,71%%%
~-0.0724

- an - - o -

-2 22%%
'30“0***
-2 8 Uz
=26 T 9%%%

-2.09%%
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0.0538
0.0127
0.0605
~0.0006
0.0729

- -

‘0.02

-0.0022
0.0419 1.40
0.0519 1.74%*
0.0107 0.33
0.0584 2.11%

0.0422
0.0522
0.0110
0.0587
-0.0025
0.0709

- - > -

1.41
1.74%
0.34
2.12%
-0.06
2.6 0%

nozow

0.0143
0.0202
0.0461
0.0254
0.0568
0.0044
-0.0Uu8
~0.0035

0.0u417
0.0208
0.0520
-0.0006
-0.0500
-0.0090

1.60

0.84

1.97=
‘0003
-1.19

A S S G TS . e - - — - - - - - -

KT WV EDTH
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~0.1550
~0.1516
~0.1755
~-0.2383
~0.2983
~0.2922

-0.“5“8-

-6.6T%
-4 .37***
5423k
=656
=8.63%%%
-6.56%%
13.04s%%

~0.4225~10.64%%%

-0.4629

‘0.5930’

‘0.593“

~0.6983~
'0-7“1“'

-84 33%%:
12.76%%%
-9.88%%%
200235
12.4

a¥s ohs als
A

~0.7974~12.66%%%

~0.7773-

12.57%%%

~-0.0028 -0.,07
0.0706 2.59%%
28
0.0183 0.96
0.0441 1.69
0.0233 0.94
0.05U46 2,073
0.0021 0.10
‘000u72 ‘1-12
-0.0060 -0.,20
9
~0.0827 =2 ,38%k

~0.0963 =2.87%k%
-0.,1488 =-U,10%=%%
-0.1984 =5, 74k
~0.1819 -4.,08%%=
~0,3342 =9 .59=%
~0¢2916 =7 o35k
-0.3217 -5,79%%k
~0.UU414 -9,50%%
‘0.“315 _7019***
~0.5260~15. 24 3
~0.5588 =9,37:%"%:k
-0.6045 -9, 60k
-0.57“0 -9.29***

-0.0632
“0.1112
-0.1563
-0.1353
-0.2831
‘0.2360
-0.2615
-0.3768
-0.36208

~1.,88*

-3.0 6%k
—l) ¢ 5 2%
-3.04:%
-8.12**
~5 o 9 5axksk
=l ¢ 7 1
-8011***

-6 o 0 e

3+

'

1

=—0.4524-13,1 1%%*

-0.4806
-0.5218
-0.4869

=8 o 0 6%
=802 9%%

‘7.87***
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0.0058
‘000060
-0.0005
-0.0184

0.0429

0.0116

0.0310

0.0246

0.0183

0.0194

0.0357

0.0181

0.0305

0.0608

0.0688
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-0.0087
-0.0036
-0.0219
0.0390
0.0072
0.0262
0.0194
0.0127
0.0133
0.0592
0.0112
0.0232
0.0531
0.0607

-1.39
-0.07
~2e17%
1.80
0.46

2 693k
1.85%
0.93
1.13

3 o 17k
0.66
1.01

9

9
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-0.,0001
-000179
0.0435
0.0123
0.0318
0.0254
0.0192
0.0204
0.0667
0.0193
0.0317

- 0.0€22

0.0702

’0.01

’1.76*
2,01%
0.78
3.55%
2.43%
1.“1
1.73=%

357k

e ate
Ree

o
o

Lot
"
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-0.0192
’0.02”8
-0.0200
-0.0298

-0.0132
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i3
14
15
16
17
18
19
20
21
22

IS HHW

0.0308
0.0268
0.0194
0.0492
C.0U62
0.0170
0.0496
0.0u87
0.0585
0.1003

- - - -

0.0205
0.0125
0.0417
0.0380
0.0083
0.0402
0.0386
0.0478
0.0890

-t o w w-—

- . o —— - -

0.0085
0.0373
0.0333
0.0031
0.0346
0.0327
0.0415
0.0823

- - - . - . - - — - -

¢ Average Estimated Error.

: Significant at the 10% level.
¢ Significant at the 5%

¢ Significant at the 1% level.

level.
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cant. From Table 11, GNMA and Treasury bonds show a possi-
ble higher variability during the 1lliquid months. For the
other commodities, soybeans and gold seem to have a price
variability as suggested by the “maturity effect" hypothe-
sis, but the evidence is not clear.

In statistically testing for the existence of positive or
negative errors in Tables 10 and 11, we were concerned only
with a single month to maturity at a time. In so doing, how-
ever, we limited our test on the null hypothesis. The "il-
liquid month hypothesis" as stated earlier implies a dicho-
tomy between liquid and 1illiquid months and as such it
presumes that all the errors we calculate from the illigquid
months bélong to the same population. We can therefore test
whether all the errors from the illiquid months, collective-
ly, are significantly different from zero. The results of
both the tests appear in Table 12.

As expected, both z and t statistics are improved, thus
presenting stronger evidence on the direction of the commod-
ity-dependent variability. In all cases except soybeans,
the two tests agree on the sign. They also agree in signif-
icance in all ccmmodities but G.N.M.A. and T-bonds. At the
1% level of significance, wheat, soymeal, copper and silver
have higher variability during the illiqguid monthse.
GeN.M.A. and T-bonds also exhibit higher variabilty with a
significance level varying from 1% (t-test) to 5% and 10% in

the sign test. Corn, soyoil, TI-bills and gold have signifi-
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TRABLE 12

z- and t-statistics for all Estimated Errors

G - D - D G GO o - - - -

SIGN TEST T-TEST
H(0): P(+)=P(-)=.5 H(0) : Avg=0
Commo- Cut-off --=-=-=--r-se--oee ceeeece—cce——e—-
dity Month (+) (-) z Bvg t
8 95 142 -3.05%%% -.0238 -2.47%3
Corn 9 64 118 -U.00%=% ~.0U36 -3,78%xk3%
10 50 77 -2.40%% -00396 -2.87%%x*
7 184 96  5.26%%* .0394 Yo 49z
Wheat 8 143 83 3.99%% 0403  4,01%%%
9 97 74  1.76% .0167 1.33
8 167 123  2.58%% -.0084 -0.82
Soybeans 9 130 83  3.22%%% -.0024 -0.18
10 83 53  2.57=%% -.0014 -0.08
6 278 229 2618%% #0321  3.54%%k
Soymeal 7 232 186  2,25%% .0349 3.30%%%
8 198 131  3.69%%= .0583  U4.68%%*
6 133 399 -11.53%%% =+1021 -11.98%%%
Soyoil 7 133 310 -8.41%%%E -.0840 -8,68%%%
8 124 230 -5.63%%= ~.0663 -5.81%%%
27 66 48 1.69% .0276 2, 6933
GeN.M.A. 28 56 38 1.86% .0283 2. U471%3%
29 45 29 l.86% «0365  2.63%%
27 63 41  2.,16%% «0273 208930k
I-bonds 28 50 36 1.51 «0278 24 60%%3%
29 39 29 1.21 .0282 2.23%%

8 25 355 -16.93%%% - 8373 -27.20%%%
I-bills 9 37 315 -14,.82%%% -03277 =-21.08%%%
0

1 37 287 =-13,89=:x% -.2886 -18,94:5k0%
7 292 195 4 4Ok .0196 5¢13%%%
Copper 8 253 187 3.15%%% .0161 3,97k
9 251 143 5 o045k .0253 5e66%%%
Gold 17 53 76 -2.03%% -.0260 =-3.85%x%
18 46 57 -1.08 -.0161 -2,32%%
12 179 T4 6.60%%:% .0uus 5.09%%%
Silver 13 148 79  U4.58%%% .0362 3, 79%3k%
14 123 79 3.10%%3% «0342 3420 %%
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(+ Number of positive errors.
(- Number of negative errors.
Av Average Estimated Error.

Significant at the 10X level.
Significant at the 5% level.
Significant at the 1% level.
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cantly lower variability during the illiquid months. The
evidence for soybeans is rather conflicting. With the sign
test, at the 1% level of significance, we reject the null
hypothesis of similar variability in the illiquid as in the
ligquid months. Statistically, more positive errors occur in
the illiguid months. However, with the t-test we cannot re-
ject the hypcthesis that the average error is zero. At best
the evidence for soybeans does not reject the null hypothe-
sis and suggests that price variability is close to what the

"maturity effect" hypothesis suggests.

9.1 CLASSIEYING CONTRACI MONTHS IO IHIN AND LIQUID: HOM

APPROPRIAIE?

The evidence in Tables 10, 11 and 12 is based, to a large
extent, on the sensitive technigue which determined the pos-
sible Ycut-off"™ months for each commoditye. Therefore, be-
fore we conclude this chapter on the thinness related price
variability, we shbuld perform a paramretric test and check
our previous results. In Table 13 we present the regression
results on an alternative version of equation (11):

In(Y) = ¢ + bX + dX2 + e (25)
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By introducing the sguare of time to maturity, we are in ef-
fect testing for the hypothesis.that price variakility ex-
hibits an “L-shaped" relationship with the time to maturity;
distant months will have higher variability than predicted
by equation (11l).

The results in Table 13 are very persuasive. In 8 out of
11 cases we reject the null hypothesis that the variability
has a linear relationship with time to maturity. Soymeal,
GNMA, Treasury bonds, copper and silver have hicher price
variability while soyoil, Treasury bills, gold and corn low-
er than predicted by the simple linear rodel. We do not re-
ject the null hypothesis of the linear relationship of price
variability and time to maturity in the case of wheat and
soybeans since the associated t-statistics for the "d" coef-
ficient are insignificant. In general, the evidence in Ta-
ble 13 is in concordance with the evidence in Tables 10, 11
and 12. This suggests that the procedure to determine the
vcut-offY months based on open interest and volume data is
meaninaful.

Before ending this subject, it is necessary to point out
that rejecting the null hypothesis c¢f linearity between
price variability and time to maturity does not lead to the
rejection of Samuelson's hypothesis on spot price generating
process. Samuelson'®s hypothesis is valid as the evidence
suggests in chapter 6 and Appendix B. The existence of an

“L-shapedY or an inverse “L-shapedY curve captures the sen-



. TABLE 13

Linear Regression Results: Maturity Effect

»
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Regression Model: 1n(N(Vej))= c + b(T(I)-t) + Aa(T(j)-t)2 + e

D D = e P - Y P S A R S WS S M W D e DD G D WS WD R W G e e D R A W G e O -

Commo -
dity DF c b d F-RATIO PBRDF R2
CQORN 679 -0.0317 0.0154 ~0.0012 4,92 0075 .014
(-1.75) (2.60) %% (-2,95) %%
WHEAT 656 0.1632 -0.0278 0.0004 88.31 .0001 .212
(7.77) %% (-8,01) =%k (0.78)
SOYBEANS 903 0.1537 -0.0220 ~-0.0002 131.38 .0001 .225
' (BalUl) % (=3.55)%% (-C.50)
SOYMEAL 1039 0.2620 -0.0570 0.0018 176.42 .0001 .254
(12.68) 5% (=7.87) %% (3.42)%%
SOYOIL 1063 0.1227 -0.0053 -0.0016 158.49 .0001 .230
(6.63) %% (~-0.87) (-3.66)%*
GNMA 805 0.0809 -0.0070 « 00009 52.87 .0001 .116
(7.11) %k (-U.43) %% (1.90)%
T-BONDS 658 0.1727 -0.0123 «00008 368,71 .0001 .529
‘ (16.61) =% (-B.61)%%F (1.9U)*
T-BILLS 601 0.0387 0.0212 -0.0016 57.90 .0001 .161
(1.02) (287) %% (=5433) %%
COPPER 905 0.1601 -0.0205 0.0002 610.20 .0001 .574
(21.55) %% (=11 .85) ¥  (2.76) %%
GOLD 889 0.0291 -0.0002 -0.,0002 106,76 ,0001 .194
(S.18)*% (-0.13) - (-3.74)==
SILVER 877 0.0958 -0.0149 0.0003 104,51 .0001 .193
(10.16) %% (=6475) %% (3,13)%%

% Significant at the 6% level.
#% Significant at the 1% level.
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sitivity of price changes variability to thinness related

influences; keeping the "maturity effect" constant, an addi-

tional source of variability -known as thinness- affects

price behavior in illiquid markets.



Chapter 10
CONCLUSIONS AND IMPLICATIONS OF ESSAY I

On an extensive set of data, this study has provided
strong evidence on the existénce of: (1) the ncn-stationari-
ty of shocks in spot prices, namely, the Yyear effectY and
the Ymonth effect™; (2) the vYcontract month effect" in fu-
tures prices; (3) the "maturity effect"; and (4) the thin-
ness related changes in price variability.

Previous research in futures markets suffers from the in-
ability to control the non-stationarity in prices. Such
omission might have produced inaccurate empirical results.
Furthermore, taking simple or 1logarithmic price changes is
an insufficient way to control for the non-stationary
shocks. There are additional steps to be taken in con-
structing price series free of such shocks. Studies in fu-
tures markets need to account for the "maturity effect" as
well. In addition, dealing with agricultural ccmmodities
and metals, requires an adjustment or contrel for the Ycon-
tract month effectV,

Monthly averages of open interest and volumg were found
to change similarly. This observation suggests that either
one can be used té measure the liquidity/illiguidity present

in the futures markets.
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Many studies disregard observations in the first few
months from initiation of a confract because the market is
thin. However, since some market participants do enter thin
markets, it is critical to investigate the price variability
they face. To the extent that price variability in distant
months is greater than what is suagested by the maturity ef-
fect, 1liguidity premia might be attached to low open inter-
est contracts. Since risk-averse investors demand higher
returns to sccept riskier investments, it would be interest-
ing to investicate the existence of any liquidity premia
during the low cpen intersst months,.

Differences in volatility patterns between near and dis-~
tant contracts is bound to affect the correlation of futures
prices with spot prices. Consequently, different hedging
strategies can be constructed to exploit the differences in
correlationse.

Evidence on the different wvariability in the distant
months, might help explain one puzzling phenomenon: clearing
firms in futures markets, establish the margin requirements,
i.e., minimum capital regquired to trade in the futures mar-
kets. For a given commodity, the margin is the same for all
contracts recardless of time to maturity. Since the “matur-
ity effect" evidence suggests lower variability during the
distant months, a rational margin setting policy should re-
guire iower margiﬂs in these months. The absence of such a

provision in reality, might rest upon the notion that far
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maturing contracts exhibit higher variatility than the vari-

ability explained by the time to maturity and therefore,

trading in such contracts may not entitle lower margins.



ESSAY II: PRELIMINARY INVESTIGATION INTIO THE
STORAGE ASYMMETRY



Chapter 11
INTRODUCTION TO ESSAY 1X

When we compare financial futures with commodity futures
we observe among other differences an asymmetric movement of
commodities in time space. This asymmetry is induced by the
laws of nature that require spring to always follow winter
and always precede summer. So while it is possible to carry
this year's cror over to the next year, it is impossible to
transfer next year's crop for consumption today. Such "Yir-
reversibility" is common to other natural processes and help
establish the notion that the arrow of time is mcving for-
ward.32 Working®'s hypothesis that only current inventories
determine futures prices, seems to rely implicitly on the
asymmetry found in commodity markets.33 Since next year's
crop cannot be consumed today, no matter how abundant it is
expected to be, it is only the current supplies that can be

used today or carried over to the next period. Therefore,

32 See Layzer (1975) and Georgescu-Roeaen (1971) for a dis-
cussion on the concept of the Yarrow of timeV¥. The term
vjrreversibility” used here is consistent with Georgescu-
Roegen's definition: v,.o all processes which, though
not reversible, can return to any previously attained
rhase.", pace 197, One of his many examples of Yirre-
versibility" parallels the notion of the “arrow of time%:
Y.eo the prccess of the entire universe is unidirecticn-
al, i.e. 1irreversible", page 202,

33 See Working (1942, 1948, 1949).
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according to MWcerking the current supplies should -play the
most important role in determinidg the constellation of all
pricese. ’

With respect to financial futures the above mentioned as-
ymmetry, although implicitly present in the issuance of an
underlying financial instrument, is technically very weak,
Demand for and supply of a particular instrument determines
its price which in turn can influence issuers to increase or
decrease the outstanding volume to achieve desired levels,
Demand for financial instruments is very elastic since they
can be easily substituted with other assets of similar qual-
ities.34 The supply is also very responsive and flexible.
So, whiie a farmer who has planted his grain can do nothing
but wait and hope for a prosperous harvest, a firm has some
freedom to increase (or decrease) its outstanding financial
obligations if market coniditions are favorable. Such flexi-

bility in finmancial markets makes the problem of asymmetry

less serious and almost nonexistent.

34 G.N.M«.A. and Treasury bonds can be substituted with AEA
corporate bonds with similar maturities while commercial
paper of “Yblue chip"Y companies is an acceptable substi-
tute for Treasury bills. In perfect capital markets,
multiple claims can be combined in a portfolio with simi-
lar risk-return characteristics of the security to be
substituted. In this sense, the degree of substitutabil-
ity is very high in security markets. In contrast, de-
spite the use of agricultural commodities as substitutes
for each other, substitutability is rather 1limited in
these markets.
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The phenomenon of storage asymmetry 1is also rresent in
metalse. However, the broad differences among metals affect
their sensitivity to this problem. Cn the one hand, pre-
cious metals like gold and silver have little storage asym-
metry, if any. The fundamental reason is that the existing
inventories are many times the size of a year'®s production.
If the demand for gold or silver rises unexpectedly, the
larqge inventories in place can be wutilized to meet this de-
mand. In this sense, any d¢elay in the supply response
caused by adjustment in the production process 1is neutral-
ized by the existing inventories. These inventories operate
as a "puffer™ and thus help overcome the problem cf storage
asyrmetry. Cn the other hand, copper and similar industrial
metals have inventories at normal 1levels to meet the demand
of the industrye. Unanticipated rise in their demand can
create shortages which last for a short period till the sup-
ply fully adjusts to the new levels of demand. The speed of
adjustment depends largely upon the nature of the industry,
capacity utilization, unemployment in the region, etc. The
problem of storage asymmetry in copper is not neutralized as
in the case of cold and silver but at best is not as serious
as with agricultural commodities. In agricultural commodi-
ties there is a crop cycle with inflexible sta;ﬁing and end-
ing points, so that the adjustment process never begins be-

fore or after the planting but only during its course.35 In

35 In the words of Georgescu-Roegen (1971): “... an elemen-
tary process cannot be started except during one specific
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contrast, the adjustment process in metals, under normal
circumstances, is not prohibited'by a similar production cy-
cle,.36

Following the above considerations, our conjecture is
that studying the different pattern of price behavior and
different response to new information 1in futures markets
would reveal the degree of storage asymmetry in each market.
In chapter 12 we review the theories on storage and the fac-
tors that determine the intertemporal price relationships.
Chapter 13 provides the theoretical foundation for the exis-
tence of storage asymmetry. The statistical considerations,
methodology and empirical results on storage asymmelry are
included in chapter 14. OJur conclusions and suggestions are

in chapter 1i5.

—— e - —— o a—

period dictated by nature.", page 251.

36 As mentioned above, the supply side can respond to a giv-.
en shock to the system either througch a chance in the
level of new production or a change in the amount of the
commodity stcred. While for a wide spectrum of commodi-
ties, a chance in the inventory holdings can be made with
little delay, if any, the adjustment through rroduction
is closely related to the nature of the commodity and as
such it varies widelye.



Chapter 12
THEORIES OF INTERTEMPORAL PRICE RELATIONSHIPS -

For storable commodities, the intertempcral price rela-
tions of various futures contracts are partially due to the
cost of storing the commodity from one time period to an-
other. In non-storable commodities, the constellation of
futures prices is likely to be determined only Ly current
expectations of the spot prices in the future.

Working (1949) and Telser (1958) considered the carrying
charges (positive or negative) as the sole deternminants of
intertempcral price spreagds. C(t,T) is the cost of storing
the commodity from time t to time T.37 If we denote with
S(t) the spot price of commodity A and F(t,T) the price at
time t of a futures contract maturing in time T, the follow-
ing equation should hold:

F(t,T) S(t) + C(t,T (25)

1]

If F(t,IT) > S(t) + C(t,T) (26)

then riskless arbitrage is profitable by buying the spot
commodity and selling futures contracts. Since all arbi-
trageurs will take similar positions they will elirinate any

remaining profits and force the equality againe.

37 In the literature, Ycost of storage" and Ycost of carry-
ing" are used interchangeably to refer to the total costs
incurred when storing the commodity from one period to
another.
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If F(t,T) < S(t) + C(t,T) : (27)
then arbitrageurs will sell the.spot commodity and buy fu-
tures contracts tc restore the equality. A similar mecha-
nism can be illustrated for the price relationship of two
futures contracts of different maturity. The marginal cost
of storage will equal the price spread.

According to Werking (1949) and Telser (1958) the margi-
nal costs of storage have two components: (1) the marginal
cost of physical storage (handling charces, interest, insur-
ance, etc.) and (2) the marginal convenience yield (the ad-
vantage for suppliers and processors cf the commodity to
maintain‘necessary inventory that meets regular or unantici-
pated demand).38 Brennan (1958) introduced a third compo-
nent, namely the marginal risk aversion factor, to explain
intertemporal price spread in relation to the holding of in-
ventories. His "Ysupply of storage" theory builds on Work-
ing®'s earlier arguments and provides a rationale for holding
stocks under all possible spread relationshirpse.

Figure 17 shows that as the spread between spot price
at time t and expected price at t+l1 increases, the amount of
stocks carried from period t to period t+1 will increase;
more of a commodity is stored as the spread -and thus pric-
es- increase. The marginal risk aversion component is posi-

tively related with the amount of stocks, while the marginal

38 The convenience yield 1is only valid under conditions of
uncertaintye. If we were to assume a supplier with per-
fect foresight of his demand function, the associated
convenience yield would be zero.
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Figure 17: The Supply of Storage Curve
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convenience yield is a decreasing function of stocks held,
as it is seen in the range AE. When stocks exceed B (abun-
dant storage) the marginal ccnvenience yield is approximate-
ly zeroe. In general, the optimal amount to store, ex ante,
in any given period will be at the level where the marginal
cost of storage equals the expected price change.

In a context other than the theory of storage, Hirshleif-
er (1972) intrcduced an additional component of intertempo-
ral price spreads. Hirshleifer dealt with illiquidity that
arises due to the inability to change consumption c¢r invest-
ment. This change is necessitated by the arrival of new in-
formation. This 1lliquidity is distinct from the familiar

illiquidity due to the non-marketability of assets. So
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while an asset can be perfectly marketable it may lack phys-
ical ligquidity. As an example, fecently planted grain is an
illiquid asset in the physical sense. Yet, 1if the farmer
wants to sell his future crop (sell futures) he might find a
liquid market among speculators.

ﬁHirshleifer develops a three-period rodel in which uncer-
tainty exists in the form of alternative possible states of
nature. There are certain claims to consumption at time-0
and time-~2 and contingent claims to consumption at time-1.
(Such claims command prices P(0), P(1),39 P(2), respective-
ly, at current period 0). He assumes physical irreversibil-
ity in the sense that as new information enters the market,
only the shcrter-maturity investment can be re-evaluated.
In the context of futures markets this mreans contracts near-
er to maturity have qgreater flexibility in adjusting to new
information (e.g. news about a good c¢r bad crop). This
flexibility is translated into a storage decision at the
time of maturity. That is, whether to consume the crop or
store it wuntil the next pericd. In Hirshleifer's model,
storage is used as an intertemporal production function that
influences the consumption decision as uncertainty unfolds.
By nature the intertemporal storage 1is only in one direc-
tion, i.e. there is no product transformation from period 2
to period 1. The further away a contract is from maturity,

the greater the “inflexibility" (or lower usefulness) in ad-

39 P(1) actually equals the sum of two contingent <claim
prices in period 1.
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justing the present consumption and storage decision.
Therefore, rational individuals Qill attach a liquidity‘pre-
mium to contracts near maturitye.

Rccording to Hirshleifer, in the most basic case, a lig-
vidity premium is said to exist at t=0 if the ratio
P(1)/P(0) exceeds the ratio P(2)/P(1). No liquidity premium
will arise in the case where production possibilities (stor-
age) are excluded. These results have a series of empirical
implications across futures markets where storage is contin-
uous (agricultural commodities, metals, financial futures)
or discontinuous (Maine potatoes).¢?

In a recent raper Grauer and Litzenberger (1979) explic-
itly incorporate the problem of storage asymmetry 1in agri-
cultural commodities. The vinfeasibility" of transporting
the commodity backwards in time puts in effect necessary ar-
bitrage conditions which affect the constellation cf futures
prices and the spot-futures price relationship. Their time-
state preference model prices commodity futures contracts in
an economy with risky outcomes. In a perfectly competitive,
two-period exchange economy where all individuals maximize

utility of lifetime consumption, they derive the relation-

40 potatoes are g¢rown in many regions and have different
seasons of harvest. Crops are stcred till a new crop
from the next season is harvested. Maine potatces -a ma-
jor portion c¢f the fall crop- are harvested 1in the late
summer and fall and remain the sole source in the months
of August through December. However, as the "early crop"
becomes available in late winter, spring and early sum-
mer, the storage of Maine potatoes is continued in early
springe.
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ship between futures price and expected future spot price
under the possikility of storage; In general, the price of
a futures contract is a function of the expected future spot
price, the inflation premium, the real social risk premium,
and the gross real returns of nominal and real bonds. The
real social risk premium and the marginal cost of physical
storage impose an upper bound on the expected future spot
price. Due to this upper bouné the constellation of futures
prices will differ from the constellation of prices deter-
mined in the absence of such a constraint.4! It is then an
empirical guestion of how contracts with different maturi-
ties are priced relatively to each other and how these rela-
tionships are altered in response to the asymmetry of stor-
age.

The relationship of current and expected future spot
prices is zlso examined by Ackley (1983). Rlthough he ig-
nores the problem of storage irreversibkility when he states
that “through changes in inventories, supply or demand in
any particular year, in effect, may thus borrow from past
anéd/or from future years® supply or demand”, he stresses the
influence of inventories on the behavior of spot arnd futures
prices. The possibility of storage has a stabilizing effect

on prices when demand or supply or both are random. This is

——— o — - - —— -

41 The existence of storage asymmetry breaks the equality in
(25). The spot-futures price relaticnship is then a weak
ineguality:

F(t,T) € S(t) + C(t,T) (28)
This is due to the fact that the arbitrage mechanism can-
not operate in cases where supplies are limited.



119
due to immediate inventory adjustments, under rational ex-
pectations, "as a response to neﬁs that affect future demand
or supply or both. Such inventory respcnses srooth consump-
tion over time and have stabilizing effects on the new equi-
librium pricese. It is then logical to expect that the size
of existing inventory relative to the current production as
well as the speed of its accumulation and depletion will in-
fluence the price behavicr of a commodity.

In commodities with inventory levels many times that of
the current production (e.g. gold, silver), gquantities pro-
duced and/or consumed respond minimally and slowly to a giv-
en price change. In fact, 1large existing inventories neu-
tralize the asymmetry of storage and reduce the possibility
that inverted nmarkets would exist.“2 1In this case, price
differential between two futures contracts of the same com-
modity should solely be due to the expected storage costs
between these two maturities. "Storage asymmetry" premia on
short maturity contracts should not be different from zero
in these kinds of commodities. In the case of gold and sil-
ver, 1inventories are unable to play any stabilizing role on
prices. Speculative behavior on future realization mainly

determines the course of current and futures prices.43

42 Inverted markets may exist for very short periods of time
due to the costs of transferring the commodity in some
form of an inventory to its final use. Jewelry or gold
bars, for example, can be used for industrial purposes
but there are 1labor or insurance costs when transformed
or transfered to their final use or destination.

43 This is due to the fact that the immense size of invento-
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The situation is reversed, however, in commodities where
the inventory levels are iow relatively to the current pro-
duction (e.g. g@arains)e. In this case, quantities consumed
respond immediately to any price change, through adjustments
in inventories. Quantities produced respond with a delay
due to existing production cycle., The inventory stabilizes
prices to new levels but because of relatively low inventory
level the storage asymmetry and the possibility of inverted
markets exist.¢% Therefore, storage asynmmetry liquidity pre-
mia are expected to exist on near maturity contracts rela-
tively to far maturing contracts. Spot and futures prices
are determined relatively to the existing level of inventory

and how unknown events might influence the future stocks.

ries determines the current price of gold. The inventory
holders will continue storing the ccmmodities as long as
they expect to profit from higher prices in the future.
Eny changes 1in expectations about the future course of
prices will not be followed by significant chances in the
rate of production and/or consumption. The large size of
inventories will respond to these changes, thus, intro-
ducing a destabilizing behavior on the path of prices.

44 Contracts with shorter maturity have a greater flexibili-
ty which is translated into a decision to store or con-
sumre at the time of maturity. Shorter maturity claims
have more decrees of freedom relative to longer maturity
claims.



Chapter 13
MODELING STORAGE ASYMMETRY

Hirshleifer (1972) shows the illiguidity effect due to
storage asymmetry in a simple three period model. As dis-
cussed in the previous chapter, one of his assumptions does
not conform to reality. In a world of uncertainty, he con-
siders second period's claim certain. With this assumption
he introduces a strong preference for bringing commodity
fromn period 2 for consumption in period 1 (if the Ybad"
state océurs in pericd 1), Since transferring the commodity
backwards in time is impossible, the preference to do so im-
poses a ligquidity premium on shorter maturity claims. His
results therefore are stronger than if this assumption was
relaxed.*5 The mere fact of introducing uncertainty in peri-
od 2 reduces the propensity of moving units from period 2 to
period 1. More general result will be obtained if after re-

laxing this assumption we can still show liquidity premia.

45 If we introduce uncertainty in period 2 the notion of
“storage asymmetry" weakens. Since the possibility of
two consecutive Ybad" states exist, in such case there is
no need to bkring Ybad"¥ crops backwards for consumption

today.

%6 As a result perfect marketability of the commodity is en-
sured. This assumption avoids the problem of confounding
the v"physical illiguidity" with the illiquidity derived
from the imperfect marketability of the commodity.

- 121 -
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We assume a perfectly competitive,%® single good, three-
period exchange economye. No production possibilities exist
except the possibility of Sfbrage from early periods to lat-
er periods.4? 1Individuals are endowed equal gquantities of
the same commodity at time-0. Uncertainty is introduced in
the form of states of nature which conpletely describe all
possible outcomes. Once a particular state is revealed, the
size of the endowment is certain. At current period 0 the
endowment W(0) is certain while in first period®s W(ls) and
second period®s W (2s) are certain only after s (state of na-
ture) is revealed. Without loss of generality, we partition
the world in two states, s=A,B, where "“A" is the "“abundant"
state (with precbability “"a"™) and "BY 1is the "Ylhad"Y state
(with probability “b"). While storing commodities forward
(as an intertemporal product transformation process) is per-
mitted, storing commodities backwards is impossible. This
“Ystorage asymnmetry¥ renders oreater flexibility to the
claims in periods 0 and 1, since they can either be consumed
in the same period, or stored for consumptibn in the next
period. This 1is feasible as 1long as storage decision is
made after part of the uncertainty is resolved. 1f storage
was constrained to be made before the accumulation of some
information at the beginning of period 0, all claims would

be equally inflexible.

-

7 In this sense, the "Ypossibility of storage" coincides
with Hirshleifer's VYproduction transformation" term.
This assumption excludes the use of land as an Yextra"
addition to the endowment.
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At the beginning of period 0 the consumers have to price

7 contingent claims of consumption in the market which cov-

er all possible time-paths of consumption:

C(0) = certain claim to current periocd 0 consumption with
price F(0).

C(R) = contingent claim of consumption in period 1 if state
A occurs, priced at P(A).

C(B) = contingent claim of consumption in period 1 if state

B occurs, priced at P (B).

C(BA) = contingent claim of consumption in second period's
state A, if state B occured in period 1, commanding
a price of P(AR).

C(AB) = contingent claim of consumption in second period's
state B, if state A occured in period 1, commanding
a price of P(EB).

C(ER) = contingent claim of consumption in second period's
state A, given that state B occured in period 1,
commanding a price of P (BR).

C (BB) = contingent claim of consumption in second period's
state B, given that state B occurred in period 1,
commanding a price of P (BB).

The seven prices defined above are to be determined at

time-0. Since an individual bids for commodity units to be

consumed during the three periods (0, 1, 2) a certain unit
of consumption would be assured only if he purchases all

contingent claims for that period. Therefore,

P (1) P(RA) + P(B) (28)
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P(2) = P(ARR) + P (AB) + P(BA) + P(BB) - (29)
DEFINITICN: At t=0 a liquidity pfemium is said to exist if:
P(1)/P(0) > P(2)/P(1) (30)
Equation (30) implies that the shorter maturity claims
(period 0 and 1) are priced more "favorably” relative to the
distant claim in period 2. This definition is similar to
the notion that yields for a long-term investment are higher
than yields on a short~term investmente. However, (30) de-
parts from the yieli-curve notion. Since we have a pure ex-
change econony, interest rates or yields are cffectively
neutralized to zero so that any differences in prices -and
consequently yields- are due only to the time-flexibility of

each contingent clainm.

13.1 INDIVIDUAL CHOICE PROELEM

For simplicity we assume that individuals besides having
identical endowrments in 2a givén state, share the same be-
liefs about uncertainty. Every individual has the same
risk-averse utility function. The utility is derived from
consumption at times 0,1 and 2:

max U = 3Zq(p) u{C(0op), C(ip), C(2p)}  (31)
over all possible paths of consumption, where p is a possi-
ble "path" of time-states and g(p) its probability.
The four possible paths are shcown in Figure 18.
Therefore: .
U = a2y {C(0),C(R) ,C(RR)} + abu{C(0),C(d),C(AE)}
+ bau{C (0) ,C(B) ,C(BA)} + b2u{C (0),C(B),C(EB)}
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Figure 18: Four Possible Paths of Consumption
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If the utility function is time-additive, we can rewrite the
above equaticn es:
U = (a2+ab+ba+b2)u(C(0))+a (a+b)u(C(A))+b(a+b)u(C(B))
+ a{au (C(RR)) +bu(C (RB))} +b {au(C(BA)) +tu(C(EB))}
Since a+b=1, we get:
U = u(C(0))+{au(C(A))+bu(C(B))}+{a{au(C(RA))+bu(C(AB))}

+ bfau (C(BA)) +bu(C (BB))}} (32)
Implicit in (31) is the assumption that individuals obey von
Neurann-Morgenstern axioms of rational choice under uncer-
tainty. The assumption of the time additive utility func-
tion is sufficient to separate the consumption in each peri-

od over the commodities available in each state.
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13.2  BACKHARD INDUCTION SYSTEM

At the beaginning of time © the individual rust price the
contingent consumption goods and make a storage decision
X(0) by transferring units of consumption C(0) into first
periodfs consumption. The possibility of bad crops in peri-
ods 1 and 2 will command a positive storage X(0). At time 1
and when the Yabundant" state A has been revealed, the indi-
vidual will have an incentive to store part of his crop,
X(R), into pericd 2 for consumption. On the other hand, if
at time 1, the "bad" state B has occured, the individual
will not store anything into next pericd but rather consume
all his crop.+48

The piesent rrcblem of the storage decision fulfills the
regquirements of a three-stage dynamic system. In a dynamic
process, any sequence of storage decision depends upon the
realization of the state -ané therefore outcome- in the pre-
vious period and must tak2 into consideration information on
future probability distributions. For this reason, backward
induction is necessary and sufficient to use.4? In such a

process, we start at th2 beginning of the terminal period

——— — —— — -

48 This is a rather reasonable assumption. In the years of
terrible droughts, little or nothing is stored. In such
years with severe droughts the phenomenon of inverted
markets (spot prices higher than futures prices) is in-
evitable and intertemporal price spreads are almost Ymir-
ror images" of the convenience yield. As Figure 17 il-
lustrates, 1little storage is made when price spreads are
negative.

4% For a formal presentaticn of the backward induction pro-
cess, see Mossin (1968).
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and maximize the expected utility from consumption at that
period with respect to the storage decision variables. His
decision or "derived" utility function is then taken to rep-
resent optimal preferences over the probability distribution
in period 2. This Yderived" utility function is taken into
account during the optimization over the storage decision at
the becinning of the prior to the last period. In this way,
individuals can make an optimal decision at period 1 and
price the contingent claims accordingly. The three stages
involved are presented below.

STAGE 1: At the beginning of period 2 and after the state is
revealed, the individual consumes his endowment in that
state a2nd any storage from the previous period. No storage
decision is to ke made. For a given X(A) stored from the
previous period the consumption in period 2 is:

C(RR) = X(&) + HW(2h), if state A occurs, or

C(AB) = X(A) + W(2B), if state B occurs.

If state B had occured in period 1, then second's period
consumption is: C(BA) = W(2h), if state A cccurs, or C(2BE)
= W(2B) if state B occurs.

STACE 2: At the beginning'of period 1, if state A has oc-
cured, for a given X(0) the individual must decide his con-
sumption C(R) and the storage X(A) in such a way as to max-
imize expected wutility from consumption over the two

remaining periods 1 and 2:

U = maxE(u) = maxE{fu (C(A),C(AR),C (BB))}
X (R) X (&)
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= max{u(C(R)) + au(C(AR)) + bu(C(AB))} . (33)
X.(8) '
subject to:

C(AR) X(R) + W(2A)

C(AB) = X(B) + W(2B) (34)

C(R) = X(0) + W(1A) ~ X {(A)
If we take the derivatives with respect to X(A) in equations
(34) we obtain:
dC (ARA)/dX (A) =1, dC{AB)/dX(A)=1, d4C(A)/4Y(R)=-1
Maximizing (33) with respect to X(A):
du/dax (R)=u' (k)YdC (A)/dX (R) + au' (RA)dC(AR)/d¥X (A)

+ bu'(AB)dC (AB) /dX (R) = 0

u' (A) (1) + au'(AR) + bu'(AR) =0
u' (A) = au'(AR) + bu'(AB) (35)

where ' denotes a first partial derivative of utility with
respect to state-contingent consumptione. Equation (35)
states that X(A) will be determined at the point where the
marginal utility from consumption in period 1, state A, 1is
equated to a weighted average of marceinal utilities from
consumptions in second period's states B and B. The weights
are the probabilities of state occurrence.

From equations (34) and (35) we can solve for the vaiues
of ¢c(A), C(AR), C(AB) and X(A) that maximize (33). These
optimal values can be denoted respectively: C+*(A), C*+(ARA),
C+(AB), X*(R). Then we can rewrite (35) as:

u'+(a) = au't(AA) + bu't (AB) (35')
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At the beginning of period 1; .if state B is revealed, the
individual maximizes:

U = maxE(u) = max{u(C(B)) + au(C(BA)) + bu(C(BB))} (36)
subject to:

C(Ba) = W (2R)

C(EE) = W (2B) (37)

C(B) = W(13) + X(0)
Since no storage is to be made for next period 2, for a giv-
en X(0) the value of C(BA), C(BB) and C(BR) can be completely
determined.

If the decision of storing nothing for period 2 when
state B occurs in period 1 is to be optimal, the following
condition must hold: the marginal utility from ccnsumption
in period 1B should be greater or equal to the expected mar-
ginal vutility from consumption in period 2. With this con-
dition there is no need 5f transporting the commodity from
period 2 to 1B even if it was permissible to store back-
wards. Mathematically, we can write this condition as fol-
lows:

u' (W(1B)+X(0)) 2 au'(W(2R)) +bu' (W (2B)) (38)
or u' (W(iB)+X(0)) 2 (1-b)u* (W (2R))+bu’ (W (2B))
or u* (W(1B)+X(0)) -u® (W (28)) 2 b{u’ (W(2R))-u’(W(2h))} (38°*)
The right hand size of (38') 1is always positive. The left
hand size will ke positive as long as: W(lB);R(O) < W(2a),
a réasonable assuﬁption, i.e., the size of a bad crop to-

gether with the previous period inventcry cannot match the
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size of a Ygood" crop. If we also were to assume that for a
given technology the "“bad" endowﬁents are egual across peri-
ods (W(1B)=W (23)), then we can see that equation (38°') will
be satisfied for a wide range of values of the size of the
endowments and the probability b that the "bad%" state will
OCCUr «
STAGE 3: At the beginning of period 0, the problem 6f the
individual is to maximize his expected lifetime utility from
consumption with respect to the vector of storage decision
variables {X(0), X(A)}:
U = maxEu{C (0} ,C*(8),C(B),C*+ (AR),C* (AB) ,C(BR),C(BE)}=

X (0) ,X* (B)

= maxEu {X(0), X+ (R) (X(0))} (329)
X (0) ,X+(B)
subject to:

C(0) = H{(0) - X (0)

C+(R) = X(0) + W(1R) - X+(A)
C* (hA) = X+ (R) + W(2R)
Ct (AB) = X+(B) + H(2B) (40)

C(B) = W(1B) + X (0)
C (BR)

W (2B)

C(BB) W (2B)

u't(d) = au**+(KA) + bu'+(AB)

From (40) we can take the derivatives of the contingent
claims of consumption with respect to ¥ (0):

dC (0) /X (0)=-1, AC* (RA)/dX (0)=d4X*(8)/dX (0)

dC* (AB) /38X (0)=dX+* (A) /dX (0) , dC+*(B)/dX(0)=1~aX+(B)/ax (0),
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dC (BR) /43X (0) =0, dC(BB) /dXx(0)=0, 4C(B)/4X%(0) =1
The utility function in (39) can’be decomposed as in (32):
U = u(C(0)) + au{C*(B)} + bufC(B)} + afau(C*(AR))
+ bu(C+(AB))} + b{au(C(BA)) + bu(C(BB))} (41)
Since X*+(R) 1is a function of X(0), we need maximize (41)
only with.respect to X(0):
dU/G6Xx (0) = u'(0)dC(0)/dX(0) + au'* (A)dC+(R) /dX (0)
+ bu'(B)dC (E) /dX (0) + a{au'* (AA)d4C* (AR)/dX (0)
+ bu'+ (AB)dC*+(AB) /dX (0)} + b {au* (BR}dC(BA)/dX(0)
+ but (EB)AC (EB)/éX(0)} = 0
-u' (0) + au'*(A) {1-dX+(R)/4X(0)} + bu'(R)
+a {au °+ (RA)dX* (R) /aX (0) + bu®+ (BB)dX* (R)/3X (0)}=0
-u® (0) + au'*(R) {1~-dX+ (A)/dX(0)) + bu'(B)
+adX+ (B) /dX (0) {au'+ (RA) + bu'+ (AE)} = 0 (42)
If we substitute (35°') into equation (42) we get:

u' (0) au'*(A)il-dX*(A)/dX(O)} + bu' (B)

+

afu'*t(h)}ax+ (a)/48x (0)

u(0) = au'+(d) + bu'(B) (43)
Equation (43) states that the optimal amount of storage to
be made at period 0 is determined at the point where the
marginal utility from consumption in period 0 equals a
weighted average of the marginal utilities in states B and B
of period 1. The weights are the probalilities that the two

states will occur.
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13.3 INTERTEMPORAL PRICE RELATIONSHIPS

.y S A S e S S P S S

Within the traditional capitél theory, price ratios of
two time period claims equal the ratio of their marginal
utilities:

P(1)/P(0)=(P (R) +P (B)) /P (0) = (au'* (A) +bu’ (B)) /u' (0) (u44)
P(2)/P(1)=(P (RB) +P (RE) +P (BR) +P (BB) ) /P (1) =
(a2u'+ (AA) +abu'+ (AB) +bau’ (BA)+b2u? (BB) ) /(au’+(R) +bu* (B)) =
(a {au'+ (AR)+bu*+ (AB)}+b{au® (BA)+bu® (BB)})/(au’+(A) +bu®(B) )=
(au'*(A)+b{au'(EA)+bu'(BB)})/(ép"(A)+bu'(B)) (45)
If the sure claim of consumption in period 0 is taken as the
numeraire, then P(0)=1 and the price ratio in (44) using
equation (#3) becomes:
P (1) /P(0) = 1 (46)
To determine how P(2)/P(1l) is related to P(1)/P(0), we take
the difference P(2)-P(1) from eguation (45):
P(2)-P (1)=au'+ (R) +b {au' (BA) +bu* (BB)} ~-au '+ (3) -bu' (B)=
=b {(au® (BA) +bu* (8B) ) -u* (B)} (u7)
If the sign of (47) is negative, then P(2)/P(1) < 1 (48)
(47) will be necative as long as:
u'(B) > au'(Ba) + bu'(BE) (49)
Equation (49) requires the marginal utility from consumption
in a Ybad" state B to be greater than the expected marginal
utility of the two states A and B This is certain to occur
if we assume that marginal utilities in the two "bad" states
of period 1 and périod 2 are equal, as viewed from time 0:
u’ (E) = u'(Bb). We can then rewrite egquation (49):

(1-b)u® (B) > au'(BR) or wu'*(b) > u'(BA) (50)
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Since (50) will always be true, we can conclude that (u8)
holds so that in connection with (46) results in the follow-
ing relationship:

P(1)/P (0) > P(2)/P(1) (51)

(51) asserts that individuals place 1liguidity premia on
shorter maturity and more flexible consumpticns C(0) and
C(1l) relatively to longer maturity and inflexible C(2). The
result is obtained by th2 storage asymmetry of ccnsumption
units in period 2. If “backward" storage was permitted, all
marcinal utilities would be equalized and no liquidity pre-

mia would exist.
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Chapter 14

STATISTICAL CONSIDERATIONS AND EMPIRICAL
TESTINGS

ig.1
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With our derivation in equation (51) we can construct the

following null hypothesis:
H(0): There is no intertemporal pricing difference
among shorter and longer maturity futures con-
tracts other than the implied cost of storage,
i.e., P{1)/P(0)SP(2)/P (1) .
H(lj: Intertemporal pricing differences apart from
the cost of storage include liquidity premia at-
tached on the shorter maturity cecntracts, i.e.,
P(1)/P(0)>P(2)/P(1).
Testing the null hypothesis on empirical grounds, while it
seems intuitive, involves other considerations which compli-
cate the methodoclogy. .

(1) One major problem is to effectively neutralize the
cost of storage (physical storage, risk premium and conven-
ience yield) and concentrate on any remaining difference
that might be due to storage asymmetry. Furthermore, . the
longer the time between maturities, the more inarpropriate
is to regard the marginal cost as constante.

(2) Choosing the appropriate calendar months to observe

the pricing daifferentials is another prcblem. Equation (51)

has been derived under the assumption that the current en-
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dowment is certain and at “normal" levels. If it were to be
a certain "bad" endowment, prices would be inversely related
and in that case, it is not clear how the price ratios would
be determined. Since in agricultural ccmmodities the inver-
sion of markets is a frequent phenomenon during scme months
before the "new" crop arrives, avoiding these months seemns
appropriate.

(3) In Essay I of this study there is stronc evidence
that there are some non-stationarities in cash and futures
price variability -and therefore pricing differentials-
among various maturity contracts. The observed "month" and
Ymaturity" effect if not taken into consideration can alone

impose price differentials which may confound our tests.

14.2  METHODOLOGY

To empirically test the storage asymmetry hypothesis in
the agricultural commodities and avoid the problems dis-
cussed above, a methodology is developed as follows: Daily
price observations are taken from calendar months around
late fall and early winter (October-Jdanuary) to calculate
the price ratiose During these months, the Ymonth" effect
is equally dispersed and it is very mild, as evidenced in
section 5.2 and Anderson (1962). To alleviate the problem
of the Ymaturity" effect we will test the intéftemporal ex-

istence of price ‘differentials in contracts which are only

2-3 months apart, so that the effect is minimal.
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With respect to the cost of storage we will make the as-
sumption that marginal costs of storage of 1-2 months are
equal to the marginal costs of storage of the consecutive
1-2 months. To illustrate the mechanics of the empirical
tests, suppose in October through January we observe the
daily prices of four futures contracts which mature in
March, May, July and Septembere. The storage costs until
March will be common to all four contractse The assumption
we make is that the storage costs from March to May are
egual to the storage costs from May to July and equal to the
storage costs from July to September.5° We then create the
following three price ratios from the trading days of Octo-
ber through Januvary to see if this time series difference is
significantly greater than zero:
P (May) /P (Mar), P(Jul)/P(May), P(Sep)/P(Jul).
If they are sicnificantly positive we reject the null hy-
pothesis that there are no intertemporal pricing differen-
tials other than the storage costs. A mean difference test
is run for the differences:
P (May) /P (Mar) ~P (Jul) /P (May) , P (Jul) /P (May)-F (Sep) /P (Jul) .

50 It should be mentioned that this assumption is in 1line
with the earlier theoretical derivations as long as the
costs of stcrage are expressed 1in a percentage form of
futures prices. For example, if r refers to the storage
costs from March to May and from May to July we can ex-
press the price of a May futures as a multiple of the
March futures contract: P (May)=(1+r)P(Mar), and the price
of July futures as: P (Jul)=(1+r)P(May). Then:

P(May) /P (Mar)=P (Jul) /E (May) =1+r , and

P (May) /P (Mar)~P(Jul) /P(May) =0. BAny positive deviation of
this difference from zero will signify the existence of
price differences other than the costs of storace.
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The selection of the four contracts is made to capture
price differences in contracts to be delivered in different
CIO[S. For wheat and the'soybean complex the March and May
futures are “old"™ crop contracts, while the September is a
Ynew" crop contract, In this sense, the July futures is an
“"intermediate" contract. For corn, since the harvest comes
later in the year, the March, May and July futures are con-
sidered vold" crop contracts, while the September futures
"intermediateY contract.5! For empirical purposes, the se-
lection of these contracts utilizes the best available prox-
ies for the existent "o0ld"-“"new" crop price differentials.
Study of pricinc differentials of the same contracts in two
or three consecutive years either is not feacsible (there are
no agricultural contracts traded two years before maturity)
or introduces biases ("year effects") with unknown implica-

tions.

4.3 EMPIRICAL RESULIS QN INTERTEMPORRL PRICE RATIOS

The results for the Ystorage asymmetryY hypothesis appear
in Table 14 for all agricultural commodities in the sample.
ARll possible ratios from contracts maturing not mcre than 2
months apart were éonstructed. We then took their differ-
ences and created time series of the ratios and the ratio-

differences. Ratios across contracts were calculated on a

51 The December contract 1is a "new" crop futures but it is
not appropriate to wuse in the study since the July-Sep-
terber time difference 1is not comparable to the Septem~
ter-December time difference.
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TAELE 14

Intertempecral Price Ratios and Storage Asymmetry

Comnodity Frice Ratios Obs. Average St.Dev. T-Ratio

- - e wan a a -— B e e T - - - - - - - - o - o o - e - -

Ri1=Ppay/Pmar-1 939 «0213 . 0160 40.83
R2=Pjul/Pmay-1 939 «0115 »0123 28.69
Corn R3=Psep/Pjul-1 939 -.0090 «0210 -13.20
R1-R2 939 .0098 0060 07.12
R2-R3 939 « 0205 »0130 u8.18

R1=Pray/Pmar-1 930 « 0015 «0253 1.843
R2=Pjul/Pmay-1 930 -.0274 - 0437 -19.12
Wheat R3=Psep/Pjul-1 930 0161 «0093 52.60
R1-R2 930 .0289 .0274 32.18
R2-R3 930 -.0435 0371 -35.78
Ri=Pmar/Pjan-1 852 .0178 . 0107 48.63
R2=Pray/Pmar-1 652 » 0135 «0120 32.71
R3=Pjul/Pmay-1 852 «0090 «.0109 24.19
Ru=Psep/Pjul-1 852 -.0274 0313 -25.56
Soybeans. R5=Paug/Pjul-l 852 -.0036 .008H -12.48
R6=Psep/Paug-1 652 -.0241 .0243 -28.88
R1-R2 852 .0043 0053 23.80
R2-R3 852 « 0045 0039 33.40
R3-Ru 652 «0364 . 0252 42.13
R5-R6 852 «0205 .0180 33.24
Ri=Prar/Pjan-1 837 «0106 «0263 11.61
R2=Pray/Pmar-1 837 . 0065 «0202 9.38
R3=Pjul/Pmay-1 837 » 0092 «0133 19.98
Rtu=Psep/Pjul~-1 837 -.0113 0286 -11.40

Soymeal R5=Paug/Pjul-1 837 «0006 .0094 1.82a
Ré6=Psep/Paug-1 837 -.0120 .0218 -15.94
R1-R2 837 « 0040 «0157 7.39
R2-R3 637 -.0027 .0134 -5.73
R3-Ru 837 «0205 «0227 26.10
R5-R6 837 »0126 0171 21.29
Rl=Pmar/Pjan-1 830 +0032 0295 3.13
K3=Pjul/Pray-1 830 .00u8 «0163 8.40
R4=Psep/P jul-1 830 -.0103 .0204 -14.52
Soyoil E5=Paug/Pjul-1l 830 =-.0037 «0099 -10.88
Re=Psep/Paug-1 830 =-.0067 .0124 -15.46

R1-R2 8630 -.0005 . 0130 ~-1.05b
R2-R3 630 -.0011 «0079 -3.93
R3-R4 830 «0150 0130 33.35
R5-R6 830 . 0029 «0090 9,39

- A e - - RS W W R e G G S G R W W e G R D W S G G S S R e - -
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day-by-day basis as long as there were observations for aill
the considered contractse. For the soybean complex we had
more price ratios because2 there are mcre contracts traded
than for corn or wheat. On a large number of observations
ranging from 830 (soybean o0il) to 939 (corn) we tested the
hypcthesis whether the price ratios minus unity and the dif-
ferences of price ratios are different from zero.52 The T~
ratios along with the averages and their standard deviations
of these time series are provided for all feasible combina-
tions of contractse All T-ratios are significant at the
.01% level except one which is insignificant and two which
are significant at the 7% level.

The ffequency of the positive sign in the difference of
price ratios is very high,. Out of 16 ratio-differences, 12
are positive. Of the rest U4 negatives, one is insignifi-
cantly different from zero. The remaining three are cne
each in wheat, soybean mszal and soybean oil. It should be
mentioned that the negative ratio-difference for soybean
meal and oil involves the same contracts. Both commodities
are less storable relatively to grains so that the "storage
asyrmetry" is not expected to be equally stronge. However,
it will still be true that for contracts maturing in nearby
months the “"storage asymmetry" will strongly prevail. The

negative sign in the ratio-differences in wheat, in conjuc-

52 Instead of testing the hypothesis that price ratios are
different frcm unity, we subtracted unity from the ratios
and tested the szquivalent hypothesis that are different
from zeroe.
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tion with the price ratios that make up this difference has
to do with a non-uniform pricing of the May contract versus
July versus September. May Es more favorably priced to July
than July is priced to September. In all other contracts
the positive sicn reinforces the notion that vold¥ crop con-
tracts are more favorably priced to Ynew" crop contracts or
contracts maturing in more distant monthse. In sum, the re-
sults do not support the null hypothesis. "Storage asymme-
tryY, the alternative hypothesis, is valid and meaningful in

the five examined agricultural commodities.



Chapter 15
CONCLUSIONS AND SUGGESTIONS OF ESSAY II

In agricultural commodities, there is one universal truth
dictated by nature: once the farmers plant the seeds there
is little they can do to change the expected size of the
crop either upwards or downwards. The planted crop by in-
heritance cannot adjust to later revealing information. On
the contrary, what retains complete flexibility in moving
along the direction imposed by some new information is the
vold" crép in the form of existing inventories; it can be
entirely consumed, partly stored, or even partly destroyed
(e.g. coffee producers occasicnally decide to reduce excess
production by burning millions of tons of their product)e.
This "flexibility" was found, both on theocretical and empir-
ical grounds, to impose Ystorage asymmetry" premia on prices
of the most flexible contracts.

The possibility of storage as a prccess of mcving real
income forward over time together with the size of existing
inventories largely determine the degree of Yphysical irre-
versibility"“. Intertemporal pricing in the financial and
precious metals futures markets is not expected"to be influ-
enced by any "storage asymmetry" premia. In these markets

the existence of storage asymmetry is neutralized ty the im-

- 141 -



142
mense size of existing ipventories used as a "buffer" when
new information imposes price adjustments.

The mcdel developed here derives the existence of "stor-
age asymmetry" in a partial equilibrium context. However,
certain assumptions while seem restrictive do not alter the
dimensions of the derived hypothesis. The Yphysical irre-
versibility" premium is an additional ccmponent in the price
of storage as advanced by Brennan (1958). Its existence is
appealing on intuitive grounds and is dccumented by empiri-
cal testingse.

One possible extension of this study is to investigate
the Ystorage asymmetry" in financial and metals futures con-
tracts aﬁd develop a uniform measure of the degree of stor-
age asymmetry for all markets. It would then be possible to
exarmine inter-commodity different respcnse to new informa-
tion as well as idiosyncratic pricing behavior each commodi-

ty exhibits.
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TRBLE 15

APPENDIX A
The Month Effect in Spot Prices

Geometrically Normalized Average Spot Variances

Cormodity 0OBS DF F-VALUE PROF
Corn 132 11/120 4,08 .0001
Wheat 80 11/68 0.77 +6716
Soybeans 132 11/120 2.37 «0111
Soybean Meal 132 11/120 1.07 «3896
Soybean 0il 82 11770 1.56 «1301
GNMA 61 11/49 1.16 «3398
T-bills 41 11/29 0.66 « 7671
Coprper 62 11/50 1.32 «20814
Gold 61 11749 1.93 «0586

Silver 93 11/81 0.69 « 7490
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APPENDIX B
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Linear Regression Results Based on Selected Cut-off Months

Regression Model:

c + b(I(I-t) +e

- S e A . e G R e G R R R P D WS S G R R R T G e G

Commo~

Months

dity Included DF

)

ug7

14396
01697

«36U6

- " G- G e A G e = e W W W . W —— D - - - W - - - - -

122.38

167.43

- e e e e R G S G R Wy GG G G G WP N S G e WP I T G TR G R e WP e WP I G Y > - - - -

106.29

- - A T e W G G Ep P W e e W e W e e GG S S GRS G G A TR A e WS S TP S S e Y @D Ok R A e

- . WD A e A . WP S DG e e e EE S S R G e GRS R e G D W W G S S G e D e - - -

1n(N (Vez)) =
c b
-0.0064 0.0022
(-0.U45)% (0.77)=
(-0.75)x (1.38)%
-0.00u8 0.0018
(-0.38)% (0.,91)=*
0.1669 -0,0276
(8.76) (-6.47)
0016u7 ‘0.0268
(9.6u) (=7.93)
0.1552 -0.0240
(10.08) (~8.77)
0.1591 -0.0243
(11.55) (-8.89)
0.1614 -0.0250
(12.72) (-11.06)
0.1628 -0.0253
(13.40) (-12.94)
0.2“0“ -0 .0399
(12 022) (‘7.89)
0.2397 -0.0396
(13.96) (-10.31)
0.2036 -0.0409
(15.63) (-13.25)
0.1233 -0.0110
(7.40) (=2.57)
0.2342 -0.0151
(9.12) (~4.58)
0.1450 -0.0187
(10.85) (~7.06)
0.0716 -0.0048
(8.77) (~9.00)
0.0708 -0.0047
(8.87) (~9.34)
0.07209 -0.0047
(9.09) (-9.88)
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Bppendix B (Continued)

-, Y W e W S P A YR WS W We NS EE O oS W G G W N S SR TSGR G R e S SR WGP e P e e W W

-0.0103
(-22.48)
-0.0102
(-23.45)
-0.0101
(’2“-39)

S05.40
550.13

594 .98
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0.0238
(2.16)
0.0135
(1.53) *
0.0090
(1.20) =%

-—— - - e G G e G G e W G Gh e S S G G R G A G N R G D G P W G G GRS D N e G e

(-10.10)
'0.018“
(-12.78)

102,03
163.33

. W S WS G . e W TS D e - G W W G o G e Sy G W G L DV W e e G D G W e - - -

(-8.13)
-0.0044
(-9.51)

- - A . e A WP S S Y G G R W - e P - - - - -~

T 27 555  0.1640
B (22.76)
0 28 573  0.1630
N (23.07)
D 29 591 0.1619
S (23.34)
T 8 222  0.0013
B (0.02)
I 9 250 0.0358
L (0.72) %
L 10 278  0.0523
S (1.17) %
o 7 419 0.1567
0 (17.65)
P 8 466 0.1557
P (19.27)
E 9 512 0.1571
R (21.33)
G 17 761 0.0393
0 (9.36)
L 18 787 0.0415
D (5.89)
S 12 625 0.0885
1 (12.42)
L 13 651 0.0861
v (12.37)
E 14 676  0.0845
R (12.67)

-0.0113
(-10.43)
'000106
(-10.65)
-0.,0103
(-11.30)

108.75
113.37
127.75
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