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Introduction

This thesis is concerned with commodity futures markets. More
specifically, it addresses itself to two issues— the behavior of
commodity futures prices and the effect of these price distributions on
hedgers in commodity markets. On the former issue, the distribution of
futures prices, the aim is to bring heretofore neglected theoretical
implications to an empirical investigation into distributional form.
Concerning the latter issue, price distributions and hedging activity,
the arguments behind possible trends in futures prices due to short
hedging dominance (short hedging in excess of offsetting long hedging,
across the entire market) are highlighted, formalized, and tested
empirically.

The theory of futures trading is reviewed in Chapter 1. This
theory is diverse in approach and ranges from formal expected utility
maximization models to less rigorous approaches. In an effort to bring
cohesion to this diverse literature, a general framework regarding the
participants in futures trading (long and short hedgers, and
speculators) is used to derive propositions about the assorted 'pieces"
and how they fit together. The tie that binds this literature is the
effect of stock levels on participant activity. The roots of the long-
standing controversy over whether or not there are trends in the futures
price are shown to be related to seasonality in commodity stocks. A

variety of views on price trends exist, from arguments against any
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trend, to arguments of a rising futures price throughout the duration of
the contract, to a seasonal trend in prices argument. However, each is
tied crucially to the level of commodity stocks.

On the issue of distributional form, the theory reviewed in
Chapter 1 also gives sound reasons for why the distribution of futures
prices is not constant over the harvest cycle. The reasons are directly
related to the behavior of participants based on stock levels. That
distributions may not be constant over time has been studied by many
writers concerned primarily with identifying the distributional
characteristics of price series. A survey of such work comprises
Chapter 2. By focusing on exceptions to the rule, it is argued there
that past work ignores theoretical implications for empirical studies of
commodity futures price distributions.

Chapter 3 formally states the theoretical implications for
empirical testing. First, while the relative changes in futures prices
perform a random walk, the parameters of the random walk may change.

The factor behind such a change is the predictable behavior of commodity
stock levels and futures market participants during the harvest cycle.
Second, also based upon the level of stocks, Houthakker's notion that
changes in the correlation between cash and futures prices at low versus
high stock levels causes short hedgers to dominate in futures trading is
discussed and a related argument based on cumulative density functions
of the futures price is set out for empirical analysis. The empirical
approach, taken from the implications of the theory, is to construct
time series samples for the periods before the peak in commercial stocks

and after. Then, the two theoretical implications are examined,
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empirically. Chapter 4 contains the results and the thesis concludes in
Chapter 5, with a summary and suggestions for future research. Another
interesting aspect of futures prices is addressed in Chapter 4, the
imposition of limits on futures price movements by the exchange.
Designed to minimize default in the event of drastic price changes, such
limits open the question of '"censoring" problems in the data.

Before proceeding, it is worth stating some of the terms and
concepts connected with commodities futures. Commodity futures markets
serve the need to allocate stocks of stored commodities over time. In
the case of agricultural commodities, stocks exist because it is more
economical to produce and store output than it is to produce
continually. Incorrect consumption and production plans that lead to
unintended excess amounts of a commodity contribute further to stock
levels in the form of carryover from one harvest period to the next.

A variety of markets pertain to this allocative need. Spot
markets provide for immediate delivery of a given commodity grade, or
quality specification, at a currently quoted price. Forward markets
concern later delivery of a particular commodity grade at a specific
delivery location and date. Forward contracts are often so detailed as
to specify the amounts and types of pesticides which can be used in the
production of the commodity under contract. No payment on the forward
contract is due until delivery is made. Given the attention to detail
exhibited in forward contracts, they are virtually impossible to resell;
forward contracts are intended for the transfer of physical units of the
commodity. Since money changes hands immediately in spot transactions

and at termination of the forward contract, between the parties to the
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original agreement, these two markets are often referred to as the cash
market.

The essential difference between the cash market and the futures
market lies in the flexibility and liquidity of the futures contract.
Like the forward contract, the futures contract concerns delivery at a
later date but the contracts are quite distinct on all other counts.
Forward markets are heterogeneous in commodity quality, delivery
location, and time of delivery. Futures contracts, on the other hand,
specify a particular delivery grade but allow for premium and penalty
payments for failure to deliver the specified grade. Further, rather
than a specific delivery location and date, the futures contract allows
for a variety of delivery locations and specifies only the delivery
month. Since the seller of a futures contract has discretion over so
many aspects of delivery, futures contracts are poorly suited to
physical delivery needs; futures contract buyers do not have more than a
vague notion of the quality and location of the commodity they would
have to accept by taking delivery on the futures contract. However, the
high degree of contract standardization in futures makes them an
extremely viable means of exchange.

Cash markets are characterized by heterogeneity and high
transactions costs; the cost of bringing buyers and sellers together is
high. On the other hand, since futures contracts are nothing more than
a claim to title over resources at some future date, they are well-
suited to traders who may not wish to bind themselves irreversibly to an
agreement to deliver. Speculators are among those who wish flexibility

but to an important extent so are hedgers.
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In addition to flexibility in commitments, futures contracts
provide an important link between the cash and futures markets.
Delivery on futures contracts is largely a fiction, but the threat of
delivery or acceptance of delivery has an important implication: the
price of a futures contract at the delivery date must equal the cash
price of at least one deliverable grade at that point in time. Indeed,
since the grade to deliver is at the seller's discretion, it is the
lowest priced among cash grades which is most likely to be delivered.
The establishment of this arbitrage imposed relationship between cash
and futures prices provides traders with a means to earn profits. 1In
this respect, the difference between current quotes of futures and cash
prices provide an approximate index of the returns to be earned from
storing a commodity over time. This difference is commonly referred to
as the basis, and the uncertainty associated with its behavior is called
basis risk. More generally, the differece between current quotes of
futures prices for different delivery dates provides a basis for longer
storage horizons and indexes the returns from trading only in futures
contracts, the activity of pure speculators.

In Chapter 1, the theory of futures markets is discussed in
three sections, which can be summarized under two theory headings. The
high transactions costs and associated riskiness in the cash market led
to the theory of the risk premium. Quite simply, traders holding the
cash commodity face risks that other traders may be willing to bear more
cheaply. It is the price of risk bearing that was coined the risk
premium. Payment to inventory holders for providing the service of

moving resources through time led to the theory of the price of storage.
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According to this theory, inventory is held in the expectation that
profits will result and it is hedgers, rather than speculators, who must
be paid for the services they provide. The aim of the theory review is
to outline the richness of the theoretical implications for an analysis
of futures price distributions. The conclusion of the review is that
such implications are fertile areas for cultivating a broader
understanding of the behavior of futures prices. Contributions in that

direction constitute the remainder of the thesis.



CHAPTER 1

Review of the Theory of Futures Markets

Introduction

Students of commodity futures markets are both blessed and
damned by the volume of past theoretical works. On one hand, the
traditional depth and evolution of the theory make for fascinating and
rewarding study. On the other, the theory provides little in the way of
uniform study material; given the diversity in analytical technique,
identifying precisely the assumptions and connecting threads of past
lines of argument is a challenging task. But the richness of
theoretical implications for an analysis of futures price distributions
makes any attempt at providing a cohesive overview well worth the
effort. The attempt here is to fit as much of the literature as
possible into a general explanatory framework by identifying where,
within the framework, different portions of the literature lie. 1In some
cases, the results are quite successful and many of the reasons for past
conflicts are unveiled. In others, the violations of the framework are
particularly revealing. 1In still others, the framework offers little
more than the original works themselves. The goals of the chapter are
to bring cohesion to a diverse literature and highlight the theoretical
implications for analyzing futures price distributions.

The general framework adopted is based on expected utility

analysis. To see that the framework is indeed general, the following
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overview is offered. In the case of an underlying normal distribution,
the expected utility model reduces to mean-variance portfolio analysis.
within both models, subject to further restrictions, lie two special
cases which dominate the literature: futures markets where no basis
risk exists and the case of pure forward, as opposed to futures,
trading. Hence, the framework allows the various threads of the
literature to be tied into a cohesive unit. Further, the special cases
provide important insight into the distribution of futures prices. Most
importantly, the framework reveals the evolution of ideas culminating in
Houthakker's observations about the interrelationships between three
factors: hedging behavior, the correlation between cash and futures
prices, and the level of commodity stocks.

This review will not cover the theory concerned with information
aggregation problems in commodity futures markets (Grossman and Stiglitz
[15], Danthine [9], Bray [5] or general equilibrium exchange economy
applications (Hirschleifer [18], Feiger [12], Salant [31], Richard and
Sundaresan [28]). Futures price patterns in the former are based on
information asymmetries and establishing a rationale for such
occurrences is difficult. Futher, fundamental characteristics of
futures markets are ignored, most notably a full variety of participants
and true futures, as opposed to forward, trading. The point of
describing a model that is generally descriptive of futures trading is
to encompass the elements of functioning markets. For example, general
equilibrium exchange approaches deal with consumers rather than firms
and are unwieldy for an analysis of operational markets where

specialized assumptions on firm behavior prove most revealing.



The General Model

The approach here is adopted from Anderson and Danthine [2] but
the assumptions governing revenue functions confronting the variety of
futures market participants are quite distinct and the analysis extends
beyond their focus upon pure forward, as opposed to futures, trading. A
two-period model is assumed throughout (times 0 and 1). Participants
can be involved in productive transformation of the spot commodity and
have access to a single futures contract defined on that commodity.

A more descriptive model of futures trading would include a
multiplicity of contracts and an extended time period. Anderson and
Danthine [1] allow for a multiplicity of contracts but under the special
case of mean-variance analysis. None of the literature treated here is
time-general.! The aim is to bring a variety of theories together and
the level of generality chosen suffices for that purpose. The following
model is neither time-general nor designed to allow trading in more than
one contract but neither is the literature it treats. With the
exception noted above, the literature covers single contract, two-period
models.

The participants can be described as we turn to the
specification of production interests. Identified by subscript p,
producers are assumed to choose a nonstochastic output level y at
time 0, incurring costs associated with that level of b(yp). The
assumption of nonstochastic production is clearly unrealistic and will

be examined later. Net revenues from production of the commodity are

(1) np(yp) =Cyy - b(yp) + R(yp),

P
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where C1 is the time 1 cash price and R(yp) represents returns
strictly related to activities concerning the spot commodity,
independent of changes in cash or futures prices, e.g., commodity
"grading" by elevator operators. The function R( ¢ ) will be assumed
the same for all participants involved with transformations of the
commodity and strictly concave, i.e., R(0) = 0, R' > 0, and R" < O.
This can be justified by the equating of returns across industries
through free entry. The subscript e identifies elevator operators who
commit themselves to carry an amount of the commodity o between timés
0 and 1. Assuming the commodity is perfectly nonperishable, storage

revenues are
(2) M (y,) = (¢ - Coly, - k(v ) + R(y,),

where k( e ) represents known costs of storage, C0 is the time 0

cash price, and R( » ) is as specified in (1). At this point, the
relation between storage costs and the level of the spot commitment is
left unspecified for reasons that will be made clear later. The
subscript m refers to millers who require the amount Y, as an input at
time 1 and are assumed to make competitive bids on the sale of their
output based upon the known costs of storage in (2). Including their

entrepreneurial return results in a net spot revenue function exactly

symmetric to storage operation revenues:
(3) m (y) = (Cy - €y, + k(y ) + R(y_).

All profit functions are assumed strictly concave, [ II(0) = O,
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' <0, M" < 0]. Speculators indicated by subscript s are

defined as having no production-oriented interest in the commodity other

n =0.

than profiting from changes in its price; Ye <

Let FO and Fl be the time 0 and 1 futures prices,
respectively, and Q the number of futures contracts bought or sold.
Buyers earn (Fl - FO)Q and sellers earn (F0 - Fl)Q

on their transactions. Holders of the spot commodity, here the
producers and elevator operators, attempt to reduce the risk of changes
in the value of their holdings by selling futures. Millers face the
opposite problem and buy futures while speculators can either sell or

buy since they have no spot commitment. The following expressions

define the sum of production and futures trading revenues:

(4) Vo= T(y) + (Fy = F)Q
(5) V_=T_(y,) + (F, - F)Q,
(6) V=1 (v)+ (F - F)o
(1) V_ = (Fy - F)Q,-

It is further assumed that at time 0 all participants 1)
maximize the same strictly concave Von Neuman-Morgenstern utility
function, 2) hold identiéal marginal pdfs, hF(Fl) and hc(Cl),
over the random time 1 futures and cash price, respectively, and 3) hold
the same joint pdf, h(Fl,Cl) over these prices. Speculators
maximize fo(Vs)h(Fl, Cl)dFldC1 with respect to Qs'

(QS < 0 represents purchases and Qs > 0 speculative sales of futures
contracts). The first-order condition is (sufficient as well, for

strictly concave utility):
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(8) Fy I U (Vs)h(Fl,Cl)dFldcl - I Flu'(vs)h(Fl,cl)dFldc1 = 0.

Producers, elevator operators, and millers maximize the following
(appropriately subscripted) with respect to Yy and Qi’ i=p, e, and
m: [/ U(Vi)h(Fl, Cl)dFldcl' The first-order conditions for

producers with respect to yp and Qp are (again, also sufficient):

(9) [R‘(yp) - b'(yp)] 11 U'(Vp)h(Fl,Cl)dFldcl

+ I ClU'(Vp)h(Fl,Cl)dFldcl <0
| - =
(10) Fy /I U (Vs)h(Fl,Cl)dFldcl I/ FlU'(VS)h(Fl,Cl)dFldCl 0,

and expression (9) will be strictly equal to zero for yp > 0. For
elevator operators, the first-order conditions with respect to Yo and

are
QE

(11) [R'(ye) . k'(ye) - co] 17 uv(v )h(Fl,Cl)dFldcl

e
+ JJ C1U'(Ve)h(F1,Cl)dFldC1 <0
- | -
(12) Fo I U'(Vs)h(Fl.Cl)dFldC1 JI F1U (Vs)h(Fl,Cl)dFldC1 0,

and expression (11) is strictly equal to zero for Yo > 0. Finally,

the solution to the miller's problem must satisfy (with respect to Yo

and Qm)

(13) [c, + k'(y ) + R'(y )] IJ U (v )h(F, ,C,)dF,dC,

-J5c

U (V )h(F,,C )dF dC, <0

(14) JJ F U'(Vm)h(Fl,Cl)dFldC1 = FO I U'(Vm)h(Fl,Cl)dFldC1 =0,

1
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and expression (13) is strictly equal to zero for Yo > 0. In what
follows, the analysis is restricted to the case of interior maxima.
Expressions (8) - (14), for the general case, provide some insight into
the behavior of the various participants. For participants with a
production interest in the spot commodity, we are interested in
circumstances under which the spot position is or is not completely
covered with futures contract commitments. About this relationship, the
preceding development offers little but under later restrictions proves
enlightening. For speculators, however, the following is seen to hold

in general.

Proposition 1:
Speculators, whose problem is represented by expression (8),
will sell futures contracts if and only if Fo > EFl, buy

if and only if FO < EF,, and assume no futures position if

l ’
and only if FO = EFl.
Proof: The second derivative of the speculator's expected

utility problem, with respect to Qs is
2
LJ (FO = Fl) U“(Vs)h(Fl,Cl)dFldC1 <0,

strictly negative since U(Vs) is strictly concave, assuming
a nondegenerate pdf h. Hence, expected utility is strictly
concave in Qs’ implying for any two distinct futures
; 0 1 0 1
>
choices, Qs and Qs' that Qs 2 Qs

is equivalent to

aEU(QS)/aQS < aEU(Qi)/aQS-
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*
Let Qs solve (8), so that aEU/aQs = 0.

. .

o )
Now, Qs 2 Qs iff aEU(Qs)/aQs 20
*

(Qs > 0). But aEU/aQs 2 0 is equivalent

to

Fo 1 U (Vs)h(Fl,Cl)dFldcl 2 /) F1U'(Vs)h(F1,C1)dFldC1,

by (8). 1In particular, let Qs = 0, so that

U'[(F0 - Fl)O] = U'(0) > 0 can be cancelled. The
-

remaining result is Qs 2 0 iff FO 2 EFl, and

*
QS > 0 i££ FO > EF On the other hand, for

1
* *

Q <0, 0 <Q_ iff
3EU(Q)/3Q < 0. But 3EU(Q_)/3Q_ < O is

equivalent to
Fo /7 U'(V)h(F, ,C )dF dC, < JJ F,U'(V_)h(F,,C,)dF dC,.

*
Again, letting Qs = 0, one finds QS <0 iff

*
0 EFl. Hence, Q

EF

F

IA

2 .
20 iff

Fo

A IV

1°

The proposition is an extension of that given in Anderson and Danthine
[2] to the general case of an arbitrary strictly concave utility
function in a true futures market. Others have proven more restrictive
versions of Proposition 1 and their contributions will be noted in the
cases examined shortly.

Clearance in the market for futures contracts is defined by

L}
=
10O

L1587 anp * Qe m=m s*s
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where n denotes the number of participants of each subscripted type. As
noted before, little can be said regarding participants with a
production interest at this point.2 Whether the market exhibits excess
sales or purchases, in the absence of speculators, is of crucial
interest in the cases to which we now turn our attention; analysis of

those with spot commitments is most revealing there.

Mean-Variance Analysis

The distinguishing characteristic of mean-variance analysis
(MVA) is its assumption that participants choose spot and futures
positions on the basis of resulting means and variances of final
profits. The primary theoretical endeavors in the MVA tradition seek to
determine conditions under which hedges will violate the '"routine'" hedge
(futures position exactly offsetting the spot position), how hedging
opportunities affect real output decisions, and most recently the
circumstances concerning hedging availability when the particular spot
commodity has no organized futures market. The mean-variance assumption
is satisfied when final profits are normally distributed. Further
assuming constant absolute risk aversion results in well-behaved
(linear) utility functions.

The unknown time 1 cash and futures prices are assumed to have a

subjectively viewed joint probability density; means EC1 and EFI'
positive finite variances ozc and OZF , and
1 1
covariance 0. g are all known. The problem is to maximize
11

expected utility and, under the assumptions of normally distributed

final profits and constant absolute risk aversion, we write

(16) max EV - (1/2) xczv,
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where V is as defined for the various participants in expressions
(4) - (7) and x is the individual risk aversion parameter which will
be assumed positive (risk aversion). The variance of returns
confronting participants concerned with a production interest in the
spot commodity is

(17) o, = Yzozcl - 2QYOClFl + onzFl,
while for pure speculators the variance is QZO’F . The
first-order condition from (16), using expressioi (7) for speculators,

implies

il -

(18) Q2

AWV

- 2
(F0 EFl)/ X0 F, as F

EFI'

i
where Qs is the optimal futures position. It is clear in (18)
that speculative sales occur if and only if F_ > EF. and speculative

0 1

purchases when EF1 > Fo. Hence, as in the general case, Proposition
1 holds for MVA.

In order to give the flavor of the solution to hedgers' problems
under MVA, analysis of the producer suffices. The first-order
conditions for (16), assuming an interior solution and using (4) for
producers, with respect to y and Q, respectively, are

(19) EC; - bl(yy) + RUY,) * x(Qog p = ¥polc ) = O

= - 2 . =
(20) F, - EF; X(on F, Ypochl) 0.

In this case of only one futures contract, the optimal spot and futures

* *
positions, yp and Qp’ respectively, are



1%

*
(21) ¥, = [EC; + RU(y) = bU(y,) + By(Fy = EFI/xo%c (1 = p7)
*
(22) Q) = [Fy - EF) + B,(EC; = b'(y ) + R'(y,))]/ xo?p (1 - p2).

1
The terms Bl and BZ are coefficients from simple
regressions of cash on futures prices and futures on cash prices,
respectively. For example, Bl = /o%. . p? is

(o]
ClFl F1

the simple correlation coefficient squared. Anderson and Danthine [1]

show that the following line of investigation is more profitable. By

(20),
* *
(23) Qp = (F0 - EFl)/ XczFl + Ypﬁl:

there is a speculative component, equivalent to a pure speculative
decision as in (18), and a pure risk-reducing component, dependent upon
the explanatory power of the cash price regarding the futures price
(Bl)' in the optimal hedge.

Additional insight into the optimal spot position can be gained
b§ rearranging (21):

! * * *
1 = = 2 F. 2 1
(2¢) EC, + R'(yp) * (Fg - EF By = xypo%c (1= p%) + b (y).

This is simply the necessary condition for y, given that Q adjusts
optimally to variations in y. The L.H.S. is marginal revenue and the
R.H.S. is marginal cost. The latter is the sum of marginal production
costs and what can be termed a risk premium; the combined influences of
individual risk aversion, cash price variance, and the portion of the
total variation in the futures price that remains unexplained by the

cash price. The risk premium has the property that it decreases with
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increases in p2.3 The difference between futures and cash prices,
or what is commonly referred to as the "basis," is often of theoretical
interest. Adding and subtracting Bl(EC1 - CO) on the L.H.S.

of (24), marginal revenue becomes
29 EC Yo
(25) 1 ” Bl(Ecl - CO) * Bl(BO - EBI) + R (Yp),

where Bt = Ft - Ct is the basis at time t.

Expression (23) can be used to summarize MVA findings regarding
the routine hedge. Again, continuing the analysis of the producer
suffices to make the point. Producers would usually be viewed as
selling futures against their production that will be available at time

1. Let z = (F. - EFl)/ xo? in (23) and suppose the

0 F

1
producer subjectively views the covariance as positive. If he further

believes that EF1 o FO (expected fall in the futures price), since
y; > 0, the traditional view holds and the producer short hedges.
However, if EFl < FO (expected rise in the futures price), we may
observe the producer buying futures, or, as it has come to be called,
reverse hedging. If EFl > FO and z < Y;BI’ again,

the producer short hedges. But if z > Y;BI’ the

producer buys futures even though he is committed to future purchases of
the spot commodity, provided he views the covariance as positive. Now,

one can think of the xo?2 term as the total risk weight

F1

*
associated with the futures position and ypﬁl as the

predictable change in the value of the cash position, associated with a

change in the futures price (by definition,
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Bl = aC1/ aFl). If we rewrite

*

z < ypBl as
26) F 2y
(26) Fy - EF) < xo Flypsl’

then with EF1 > FO and positive covariance, a traditionally held
short futures trader such as a producer will actually buy futures when
the expected rise in the futures price exceeds the risk weighted change
in the value of the spot commitment associated with the futures price
change. The story is exactly symmetric when the covariance is believed

to negative, as shown in Table 1, where for a short time Z stands in

*
place of ypsl'

Table 1. The Variety of Hedging Possibilities Revealed by MVA.

Covariance
Positive Negative
EFl < FO EFl > F0 EFl < Fo EFl > FO
Sell never z > 2 z <2 always
Futures
Buy always 2 <2 2 >2 never

The MVA assumption of normally distributed final profits allows
for substantial insight into the behavior of participants with
production interests in the spot commodity. However, the normality
assumption is quite restrictive when one looks at true futures (as
contrasted with forward) markets. In the succeeding sections, other
restrictions on the general model in the form of assumptions regarding
the relation between cash and futures prices round out the requirements

for a fairly in-depth study of the literature.
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The Absence of Basis Risk

One class of restrictions imposed upon the general model
involves price relationships. The least restrictive, of interest in
analyzing the literature, is the case of equal absolute changes in the
difference between the futures and the spot price. This difference is
known as the basis and equiproportionate changes in the basis mean that
there is no risk from price movements, even when the later prices are

unknown:

(27) B1 = Fl = C1 = FO L C0= BO.

Technically, there is no basis risk when changes in the spot price equal
changes in the futures price, plus or minus a constant term. Hence, the
definition in (27) is adopted only for simplicity's sake. There are two
important virtues of this special case. First, the market for later
delivery remains a true futures market, as opposed to a pure forward
trading market covered later. To see this, note only that the cash and
futures market do not converge at time one, i.e., the time one result is
not F1 = Cl’ Second, it allows for heretofore unexplored

unification of past work.

Optimality under the case of no basis risk is first examined for

speculators. Given (27), we may rewrite (8) as
(28) C0 Vi U‘(Vs)h(Fl,Cl)dFldC1 = I FIU'(VS)h(Fl,Cl)dFldCl = 0.

This leads immediately to the following corollary to Proposition 1.
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Corollary 1.1:
In the absence of basis risk, as defined in (27), speculators
whose problem is represented by expressions (8) will sell

futures contracts if and only if F,. > EFl (C0 > ECI),

0

buy futures contracts if and only if FO < EF1

(C0 < ECl), and assume no position if and only if

0= ECl).

Proof: Identical to the proof of Proposition 1 where, by
virtue of (27), C0 and C1 can be substituted for FO and

Fl, respectively.

Hence, the assumption of no basis risk provides one simplification
unavailable to speculators under the preceding general model; namely,
that the relation between current and expected spot prices can be
substituted at will for the futures price relation of Proposition 1.
For producers, elevator operators, and millers, expression (27)

gives

(29) Co 14 U'(vi)h(Fl,Cl)dFldC1 = [/ °1U'(Vi)h(F1'C1)dF1dC1'

i =p, e, m, when substituted into their respective first-order
conditions with respect to Q. Subsequent substitution into their
respective first-order conditions with respect to y for

! -— i "
JJ C.U (Vi)h(Fl,Cl)dFldcl, i p, e, m, gives:

1
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(30) R'(Yp) = b'(Yp) - C, (for producers)
(31) R'(ye) = k'(y,) (for elevator operators)
(32) R'(ym) = k'(ym) (for millers).

Expression (30) shows that producers choose their output level so as to
equate marginal returns to the excess of marginal production costs over
the current cash price. This choice is independent of their
expectations about the later spot price or the form of their utility
functions (i.e., risk attitudes). The ability to separate spot from
futures choices is strictly the result of assuming no basis risk and
nonrandom production. Expressions (31) and (32) show that this
"separation result" also holds for the remaining participants, and
emphasizes the assumed symmetry between elevator operators and millers.
As noted at the outset, and again for Proposition 1, the separation
result here is an extension of the outcome found by Anderson and
Danthine [2] in the case of pure forward trading.

The importance of the result can be seen in the solution of the
remaining participants' optimal futures positions. Let y*,
appropriately subscripted, solve (30) - (32), and rewrite (4) - (6),

spot traders' profits, as

F_)D

*
33 vV = + (F
(33) V=T + (Fy - E)ID

Bare I & Lol R 3 RE)
where = - +
p pr . (Yp yp

D =0 -
p- % ¥



23

*
(38) v, = N+ (F, - F)D,
" * & *
where T = R(ye) - k(Ye)
3 %
R Yo
35 = *
(35) Vn= It (Fl B FO)Dm

" * * *
where Hm = R(ym) + k(ym)

#
I is simply spot commodity transformation revenues at the

optimal, and separable, spot choice. Hence, the optimal deviation from
a futures position equal to the spot commitment can be had from
maximizing EU(Vi) with respect to Qi’ 15 pye,~mdn (33) =24(35),
respectively. Thus, there is a speculative element in every
maximization problem as can be easily seen by noting that D = Q for
speculators who have no production interest. Hence, along with
Corollary 1.1, the case of no basis risk provides the following
proposition for participants with production interests, by the same
proof as for speculators (see Anderson and Danthine [2] for the case of

pure forward trading).

Proposition 2:
In the absence of basis risk, as defined in (27), the
deviation from a futures position just equal to the spot

commitment occurs as follows.



2 . 2 2

(a) Dp . 0 A£f FO : EF1 (C0 > ECl)
2 : 2 2

(b) De < 0 iff FO ¢ EFl (C0 < ECl)
2 ; 2 2

{c) Dm % 0 iff EFl - F0 (ECl ¥ CO)

where participants are as described in (9) - (14).

Participants involved in productive transformation of the spot commodity
will cover their spot commitment, no more and no less, through futures
contracting when, and only when, their expectation of the later futures
(or spot) price equals the current futures (or spot) price. The routine
hedge occurs when (and only when) FO = EFl.

The separation result and use of the deviation notation allow

the market clearance condition (15) to be written (substituting

Q=D+y):
* = *
(36) npyp tny, -ny. = anm + nSQS - (npr + neDe),

providing the following proposition which greatly facilitates reviewing

past works.

Proposition 3:
FO = EFl (Co = ECl) is an equilibrium which can be
established without speculative participation under the
following circumstances:
a) no basis risk (specifically, expression (27)),
b) nonstochastic productive transformation of the spot
commodity,

c) identical strictly concave utility functions and identical



25
subjective probability density functions for all
participants,
| = ' = 1 = 1
d) b (yp) CO’ k (ye) k (ym) 0, and, finally,
e) the number of participants who plan to sell spot at time 1

equals the number who plan to buy spot at time 1.

Proof: Let FO = EFl (C0 = ECl). By Propositions 1

and 2, (36) implies that the futures market clears when

# * =
npyp tny, =ny.

! = = = i
Let b (yp) CO’ k'(ye) k'(ym) 0. Expressions

(30) - (32) yield

Now, the market clears when
(np + n, - nm)y =0,

that is, when np + n,=n. (But this is just the

stipulation of part e.)

In summary, the assumption of no basis risk as in expression
(27) provides two important results. The first, summarized in Corollary
1.1, is that expectations concerning the spot price may be interchanged
with expectations about the futures price. The second, and more
significant, result is that the spot and futures choices can be

separated from each other; the futures choice remains dependent upon
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expectations of the later futures price while the optimal spot choice is
independent of expectations and the form of the utility function.
Imposing additional structure upon the relationship between cash and
futures prices moves us into the final area of interest important to a

review of the theoretical literature, pure forward trading.

Pure Forward Trading

The final restriction upon the relation between cash and futures
prices common to the literature results in the futures market's actually
becoming a pure forward trading market. The assumption is that the cash
and futures market come together at time 1; Fl = Cl' Basically,
all spot grades are perfect substitutes for one another and deliverable
under the futures contract so that delivery on the futures contract
becomes a reality rather than a fiction. The price for later delivery
in this special case will be denoted f to distinguish it from the true
futures price. 1In the case of forward trading, the analysis is on the
same grounds chosen by Anderson and Danthine [2].

Again, turning first to the pure speculator's problem,

Fl = C1 allows us to rewrite (8) as

(37) fo J U'(Vs)g(fl)df1 = J fIU'(Vs)g(fl)df1 =0,

where g(fl) is the degenerate probability density function resulting

from the identity f1 = Cl' The following, stated as a corollary,

is the forward market analog to the futures market Proposition 1.

Corollary 1.2:
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Speculators, whose problem in the case of pure forward trades
is represented by (35), will sell forward if and only if
£, > EC, (= Efl), buy if and only if £, < EC,

( = Efl), and assume no forward position if and only if

£, = EC, ( = Ef,).

Proof: Identical to the proof of Proposition 1, using the

fact that EC1 = Ef1 in pure forward markets.

The assumption of pure forward trading brings the focus of participants
to bear upon the relation between prices for current delivery and prices
for later delivery. However, it is only the simplifying assumption, and
the resulting degenerate probability density function, which bring about
the concern over this relationship. As seen in both Proposition 1 and
Corollary 1.1, in more general instances the density function does not
allow such a simplification.

Turning to producers, elevator operators, and millers, the

identity between later cash and futures prices gives
| = |
(38) fo /U (Vi)g(fl)df1 J C1U (Vi)g(fl)dfl’

i =p, e, m, by their respective first-order conditions with respect to
Q. Subsequent substitution into their respective first-order conditions

with respect to y for [ ClU‘(Vi)g(fl)dfl, i=p, e, m, gives

(39) R'(y ) - b'(y) + £, =0
(40) R'(y) - k'(y,) = C, + £, =0
(41) R'(y ) + k'(y ) + C; = £, =0
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As in the case of no basis risk, (39) - (41) show that the optimal spot
position is independent of expectations about later prices and risk
attitudes, in the case of pure forward trades. The spot and forward
choices are separable from each other. In exactly the same manner as

the proof of Proposition 2, the follwing result holds.

Corollary 2.1:

In the case of pure forward trades (f1 = Cl)' the
deviation from a forward position just equal to the spot

commitment, with participants described by (9) - (14), occurs

as follows.

> . 2 _

(a) Dp<0£f0<EC1 (= Ef))
2 ; 2 _

(b) De . 0. ff fo p. EC1 ( = Efl)
> _ p

(c) Dm P 0 iff (Ef1 =) ECl - fO’

*
where Di = Qi - Yy and 1 = p, e, m.

The corollary shows that the routine hedge occurs when (and only when)
fo = ECl.

Since the majority of early writers were interested in when, and
why, there might be excess forward sales, or purchases, in the absence

of speculative participation, the following corollary to Proposition 3

provides a useful benchmark.
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Corollafy T

For pure forward trading, fl = Cl' f0 = EC1

(EEfl) is an equilibrium which can be established without

speculative participation under the following circumstances:

a) nonstochastic productive transformation of the spot
commodity,

b) identical strictly concave utility functions and identical
subjective probability density functions for all
participants,

c) b'(yp) = f0 = C0 + k'( ¢ ) and, finally,

d) the number of participants who plan to sell on the spot

market at time 1 equals the number who plan to buy at

time 1.

Proof: Let FO = EC1 (= EFl). By Corollaries 1.2 and

2.1, (36) implies that the forward market clears when

* * * * _
np(yp - ym) + ne(ye o ym) =0,

since n_ + n,=n., by part (d). Part (c) implies
§ * * h h k 1
Yp =Y, = ¥, 80 that the market clears

with no speculative participation.

Corollary 3.1 is not the most general description of forward market

clearance in the absence of speculators, since all that is required is

* * * *
(42) (“p/“e) = (ym - ye)/(yp - ym)-
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But the corollary is quite useful, as will be seen as the analysis of
the literature begins.

The preceding presentation, in its various degrees of
generality, provides a framework for analyzing a wide variety of past
theoretical work. For example, when it is agreed that particular
relationships between spot and futures prices must hold at equilibrium,
one is led to question how such claims compare to the benchmark
Proposition 3, or its Corollary 3.1. That the "general" model has its
shortcomings requires some emphasis. It is surely not the most general
model of futures markets, since the behavior of some important agents is
not accounted for, namely, the futures exchange and the government
regulator of futures market activity. Taking the exchange as an
example, it was noted in the introduction that movements in the futures
price are limited to minimize default in times of rapid price change.
In the most general case where propositions about hedgers are derived,
the absence of basis risk, the imposition of such limits has no effect
on participants. To see this, take the case of the elevator operator.
Expressions (2) and(5) give the revenue function, first-order conditions
(11) and (12) remain the same except for altering the integration with
respect to F1 (if A represents the imposed limit on price movements,

F. - A and FO + A are the limits of integration), (29) is still the

0
product of (27), again, with the limits of integration over Fl
altered, and (31) remains as the condition for optimal cash holdings.
Hence, the separability result is unchanged and the optimal futures

position still comes from (34). However, all this occurs in the special

case of no basis risk. A more general model would be required to
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account for the interaction between the exchange authority, government
regulators, and futures market participants.

Before proceeding to those works with implications for the
distribution of futures prices, important works that provided building
blocks deserve acknowledgement. The behavior of hedgers, outlined in
the case of producers, has been examined by many MVA writers. McKinnon
[27] and Rolfo [30] restrict their analysis to producers, assuming that
both output quantity and price are variable. Rolfo's is the more
general treatment. Johnson [23] examines storage operators and
processors assuming an exogenous stock level carried by storage
operators. The possibilities of Table 1, equally applicable to storage
operators, are all found by Johnson. Ward and Fletcher [38] add a
special case of processor, described by an ongoing production process at
the time hedges are instituted (feedlot operators, whose cash inventory
is in feeder cattle, hedging in live cattle). 1In addition to the
previous acknowledgement of Anderson and Danthine [1], they also cover
simultaneous trades in a multiplicity of contracts and cross hedging.

The debt to Anderson and Danthine [2] was already mentioned.
They also cover the case where productive transformations are subject to
uncertainty and investigate the model equilibria under rational
expectations. It should be pointed out that their analysis assumes pure
forward trading. Holthausen [19] and Feder, Just, and Schmitz [11] also
assume pure forward trading and nonstochastic production, deriving
propositions regarding the separation result for the optimal spot
commitment and the relation between the optimal forward and spot

positions. These two works, however, restrict themselves only to the
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producer's decision and do not explicitly recognize that it is
production certainty and the assumption of pure forward trading which
drive these results. Another pure forward model is found in Baesel and
Grant [3].

In most cases, the progression of the theoretical literature
with a detectable interest in the pattern of futures prices over time
began with a focus on pure forward trading and proceeded to the more
general case of actual futures markets, and the review follows this
progression. The overall conclusion is that price patterns in futures
markets are the result of interrelationships between hedging behavior,
the correlation between cash and futures prices, and the level of
commodity stocks. En route, strong arguments are made in favor of
futures prices that rise throughout the duration of a given contract,
futures prices that fall throughout, and seasonality in the behavior of
futures prices based upon stock levels. The headings which encompass
these results are the theory of the risk premium, interim MVA results,

and the theory of the price of storage.

Theory of the Risk Premium

Specification of speculative demands occupied nearly all of the
early writers concerned with forward markets. Further, while primary
producers do not as a rule participate in futures trading, their role is
important in forward markets and, with one exception, the theory of the
risk premium is a theory of forward trading. All of the early writers
covered in this section consider the primary reason for the existence of

markets for later delivery to be their efficacy in the allocation of
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risk bearing. None ever questioned the notion that participants with
spot positions must pay in order to avoid fluctuations in the value of
those positions. For these writers, the "risk premium" was an essential
element in the relation between spot, forward, and futures prices.

In reviewing the theory of the risk premium, the following
method is used. First, the writings of the major contributors are
reviewed. In some cases, formal structure is provided for primarily
verbal argument. Following this, the general framework of the preceding
sections is brought to bear in an effort to identify the contentions of
the early writers on the theory of the risk premium. Finally, the
implications for distributions of futures market prices are highlighted.

Keynes [25] and Hicks [17] focus their attention on two states
of the world. First, normalcy reigns when stocks of commodities are at
a level to successfully maintain production of final output at a
"normal" level (Keynes), or when '"the conditions of supply and demand
are stable, so that the spot price is expected to be about the same in a
month's time as it is today'" (Hicks, p. 138). Second, a period of
"redundant" stocks in excess of normal levels can occur due to
"miscalculation of supply and demand" (Keynes, p. 136). In the previous

notation, normalcy implies EC, = CO’ while redundant stocks occur

1

when expectations diverge from the current spot price. In the latter

case, Keynes argues that redundant stocks imply EC1 > CO. To see
this, let C0 - f0 = RPN, the risk premium in normal times, and
EC1 = f0 = RPR, the risk premium during periods of redundant

stocks. Keynes (p. 144) argues that RP_ > RPN due to "the

R

additional element of uncertainty introduced by the existence of stocks
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and the additional supply of risk-bearing which they require." Hence,
EC1 > Co.

The terms "normal" and '"redundant' deserve further discussion in
thier use concerning commodity stock levels. Normal stocks would be
those at a level just satisfying all expectations about input
requirements for a given period with nothing left over to be carried
into the next period. Put another way, if EC1 = CO’ there is no
incentive to carry stocks that cannot be sold on a day-to-day basis.

The question immediately arises as to how often one might expect
"normalcy" to reign. Both Keynes and Hicks refer almost exclusively to
stocks of manufactured goods (with some reference to tin and rubber by
Keynes) whose production uncertainty is certainly lower than for other
goods carried over time, such as agricultural commodities. For such
manufactured goods, "normal'" stocks would appear to be a much more
applicable term than for agricultural commodities; the existence of
normal stocks is a much more unlikely situation for agricultural
commodities exhibiting a high degree of production uncertainty. Given
the forward market context of Keynes and Hicks with their focus on
stocks of manufactured goods, the normal versus redundant distinction is
a meaningful one. However, the distinction cannot be meaningful in a
general context since redundancy reigns in the agricultural commodities.

In the Keynes-Hicks formulation, equilibrium outcomes in these
two states- always see forward sellers paying a risk premium to forward
buyers, including speculators. Hence, at all times EC, > fo but in

1

normal periods C,. > fo as well. A situation where the current spot

0

price exceeds the current forward price is the original definition of
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backwardation. Over the period covered in this review, the term
backwardation has come to be interpreted in a variety of ways, relative
to expected prices and current forward, and futures, prices. No
terminology wil be attached to such relationships here. See Gray and
Rutledge [14] for an excellent treatment of this "confusion." For
example, Keynes (p. 144) notes that, in periods of redundancy, arbitrage
enforcements will result in f0 > CO' or '""contango." Again, many

subsequent writers have referred to EC, > f0 during periods of

1
redundancy as Keynesian backwardation, when Keynes quite clearly
describes the excess of expected spot over current forward as the
premium during redundant stock periods.

Regarding the supply of forward contracts in these equilibria,
one finds that producers can sell forward without risk when the current
forward price exceeds production costs while production cannot pay
otherwise (Keynes, pp. 142-3) and that during periods of redundancy
arbitrage will enforce the equality of the current forward price and the
sum of the current spot price and costs of storage (Keynes, p. 144).

Regarding the former view of the production decision, Keynes (pp. 142-3)

states

If this [forward] price shows a profit on his [the producer's]
costs of production, then he can go full steam ahead, selling
his product forward and running no risk. If, on the other hand,
this price does not cover his costs (even after allowing for
what he loses by temporarily laying up his plant), then it
cannot pay him to produce at all.

After no small amount of pondering, this is interpreted as a statement
that net revenue, in the notation here foyp - b(yp), must be non-

negative.
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In summary, according to the Keynes-Hicks formulation, periods

of normalcy exhibit

(43) EC;, = C,

44 b -f <0,
(44) [ (yp)/yp] 0
while periods of redundancy exhibit (44) and

(45) EC1 > C0

(46) £, =Co+ K'(y,)-

Moreover, by standard marginal argument, b‘(yp) 2 fo for both

periods. There are two important implications associated with the
Keynes-Hicks formulation which appear in works reviewed later. First,
if the risk premium is always paid by forward sellers to speculators,
then speculative profits from a long forward market position should be
consistently observed. The second concerns whether or not the Keynes-
Hicks formulation implies any rising trend in futures market prices. A
useful servant, when this implication is analyzed later, is the

following proposition.

Proposition 4:
Application of the Keynes-Hicks forward market risk premium
theory to true futures markets under no basis risk gives the
following. During normal periods, contrary to the Keynes-
Hicks result of excess forward sales, there is no excess on

either side of a futures market. Hence, there is no rising
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trend in the futures price. During redundant periods, the
Keynes-Hicks result of excess sales does carry over into a
futures market. In this case, under a risk premium

interpretation, there is a rising trend.

Proof: When stocks are at normal levels, the Keynes-Hicks

formulation has C. = EC,. The result obtained by them is

0 1
that f0 < C0 and an excess of forward sales is required to
produce this result. By expression (27), however, BO = B1
so that C0 = ECl is equivalent to an equilibrium where
FO = EFl and there is no excess among those with spot

commitments on either side of the market. When redundant

stocks arise, the Keynes-Hicks formulation has EC1 > C0

and the result is that fo < EC, again in accordance with

1

an excess of forward sales. Again, by expression (27),

EC1 > C0 is equivalent to an equilibrium where

FO £ EFl and an excess of sales occurs on the futures

market. In this case, if EFl - F_ is interpreted as a

0
Keynes-Hicks risk premium, buyers' risks decrease as time of

termination approaches and, with EC. given, F_ must rise.

1 0

The importance of this proposition will be clear when Telser and Cootner
are discussed later.

Kaldor [24] makes the following significant refinement of the
Keynes-Hicks formulation. Let k(y) = w(y) - q(y), where w(y) represents

the standard carrying costs described thus far. The point of Kaldor's
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analysis is q(y), which he terms convenience yield. This yield is the
value to a holder of stocks from the ability to make use of the stocks
at the moment they are needed, rather than having to wait for later
delivery. What Keynes called redundant stocks, Kaldor calls speculative
stocks (p. 1) and the absence or presence of speculative stocks is
defined the same way Hicks chose, represented by expressions (43) and
(45). The following intuitive argument about how convenience yield is

affected by stock levels is offered (p. 4).

The amount of stock which can thus be "useful'" is, in given
circumstances, strictly limited; their marginal yield falls
sharply with an increase in stock above ''requirements" and may
rise very sharply with a reduction below ''requirements.' When
redundant stocks exist, the marginal yield is zero.

In keeping with the risk premium tradition, Kaldor assumes that

the following must always hold:

=" rEy ]
(47) EC1 C0 k¥ 50

(48) £, =Cy + k'.

The former holds because the expected spot price net of the current spot
plus marginal costs of storage must be enough to cover risk payments.
The latter, just an old face with a new name, is expression (46),
repeated for convenience. Kaldor invokes the following argument to
drive the two results mentioned above. While agreeing that risk

avoiders are generally forward sellers, he notes (p. 6):

In the case of certain industrial raw materials, however, where
the outside buyers are contractors with given orders for some
periods ahead, the "hedgers'" may be predominantly forward
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buyers, and the '"speculators" spot buyers and forward sellers.

Now the "carrying cost" for these speculators may be higher than

the carrying costs for the market generally. This is because

the yield of stocks of raw materials consists of 'convenience,"

the possibility of making use of them the moment they are

wanted, and this convenience is largely lost if the stock held

is already sold forward.
There is a definite implication here that when forward buyers are cast
as the risk avoiders, those forward sellers earning convenience yield do
not sell forward, even though they can sell forward without losing their
convenience yield when they are the risk avoiders. In the cases of

forward selling risk avoiders and forward buying risk avoiders,

respectively, (48) becomes

(49) f,=¢Cy +w'(y) - a'(y,)

(50) £,=Cy+ W' (y ).

Now, according to Kaldor's description, gq' = 0 when redundant stocks
exist and (49) and (50) are identical. Substitution into (47) gives

EC1 > f0 whenever there are redundant stocks and Kaldor is in

complete agreement with Keynes and Hicks. The difference in Kaldor's
specification occurs when gq' > 0 in normal periods. First, when forward
sellers are the risk avoiders, substitution of (49) into (47) gives

C0 > fo (since EC1 = CO) so that q' > w' by (49);

k' = w' - g' < 0 and Kaldor agrees with the Keynes-Hicks result for
normal periods as long as risk avoiders are forward sellers. However,
when forward buyers are the risk avoiders, the same method of

substitution using (50) gives C. - fo + q' > 0; as long as

0

g > f0 - CO’ f0 > C0 is a possibility, and the opposite from

what Keynes and Hicks claim will occur.
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As previously mentioned, Kaldor's argument for who earns
convenience yield when speculators are forward sellers provides some
logical inconsistency. If forward selling precludes the earning of
convenience yield by speculators, why not so for other stockholders
unless Kaldor means for these "ordinary" holders not to sell forward at
all. More importantly, when speculators are forward buyers, it must now
be the case that the "ordinary" stockholders do sell forward but now
Kaldor allows them to earn the convenience yield. He cannot have it
both ways and it is precisely this confusion which is the point of
departure for the work by Dow [10].

Dow criticizes the previous approaches for their concern with
forward markets, since risk avoiders cover their spot positions in
futures, as opposed to forward, markets. In this context, Kaldor's
artificial separation of market types misses the point; no convenience
yield need be lost when spot positions are covered by futures trading
since the future position can always be undone by an offsetting trade.
Hence, convenience yield must be included for all stockholders or, what
is an equivalent statement (since speculative sellers in futures markets
do not necessarily have to hold any stocks), storage operators must be
allowed to participate at all times.

Aside from his ending comments, Dow assumes the absence of basis
risk throughout his analysis. Dow also refers to the risk faced by long
hedgers (short in the spot market and long futures, as in the case of
processors) as ''negative risk" while that faced by short hedgers (long
spot, short futures, such as the case of storage operators) is called

"positive risk." In this, the first detailed study of the hedging
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decision in futures trading, Dow finds the result that the risk premium
must be paid relative to the net outcome of trading between those with
spot commitments. If the trading result is an excess of hedging
positive risk over negative (excess short hedging), then EC1 > FO is
required to induce speculative buyers to make up the difference. If, on
the other hand, the excess is hedging negative risk (excess long
hedging), EC1 < FO must occur. For Dow, the important result is
that the risk premium can flow either way depending on the balance of
hedging.

With this brief overview, the contents of the theory of the risk
premium are fairly clear. However, the context is quite confusing. In
forward markets, Kaldor offers a fundamental disagreement with the
original theory from Keynes and Hicks. Moving the focus to the true
futures markets, Dow leaves the question of who earns the risk premium
completely open, theoretically speaking. Using the general framework
developed earlier, these points and more can be clarified. The question
which concerned these writers was why speculators will necessarily buy

forward contracts; why does EC, > f0 hold at equilibrium, implying

1
an excess of forward sales among those with spot commitments? The

following corollary sheds some light.

Corollary 3.2:

For the normal period described by Keynes and Hicks (pure

forward trading, EC, = Co, expressions (43) and (44), and

1

all else as in Corollary 3.1), there can be an excess of

forward sales only when yp R at fo = EC1

(= Efl)’ for k' > 0.
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Proof: Under the Keynes-Hicks definition of normalcy,
39) - (41) become R' = b' e,
(39) - (41) (vp) (¥g) -y
R'(ye) = k'(ye), and R'(ym) = -k'(ym), respectively,
by (43). Let f0 = EC1 (= Efl). Expression (36)

shows that an excess of forward sales occurs when
n (¥, = ¥) + Al - % > 0,

since QS = 0 (by Corollary 1.2) and Dp = De = Dm =0

(by Corollary 2.1), while np =n by hypothesis. By

concavity of R, k' > 0 implies e ¥ Hence, an excess

of forward sales can occur only if Yp exceeds Y-

Corollary 3.2 brings out the important aspects of the theory of
the risk premium in two ways. First, it shows that more is required of
the Keynes-Hicks formulation than the quantification gleaned in
expressions (43) and (44). But whether or not there is an excess of
forward sales among spot traders, when k' > 0, depends instead upon the
level of the relation yp o Hicks (p. 137) was apparently aware
of this deficiency, offering the intuitive argument in the following

quote.

Technical conditions give the entrepreneur a much freer hand
about the acquisition of inputs (which are largely needed to
start new processes) than about the completion of outputs (whose
process of production - in the ordinary business sense - may be
already begun). Thus while there is likely to be some desire to
hedge planned purchases, it tends to be less insistent than the
desire to hedge planned sales. If forward markets consisted
entirely of hedgers, there would always be a tendency for a
relative weakness on the demand side; a smaller proportion of
planned purchases than of planned sales would be covered by
forward contracts.
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Keynes relied strictly on the intuitive argument that forward sellers
wish to avoid the risk associated with their spot positions and must pay
to do so.

The second way that Corollary 3.2 highlights the theory of the
risk premium is in its intentional disregard of the case where k' < O.
This sets the stage for the earliest risk premium controversy, between
the Keynes-Hicks formulation and that of Kaldor. Keynes and Hicks
proceed on the basis of k' > 0, even though Hicks was compelled to argue
that the desire to '"hedge" planned sales is more insistent than the
desire to "hedge" planned purchases. There is absolutely nothing in the
Keynes-Hicks formulation that even hints that k' < 0 can occur, since
all storage costs mentioned are the standard deterioration, warehousing,
and interest charges. Enter Kaldor's notion of convenience yield in
normal periods. Using the general framework, Kaldor's logic is clearly

stated.

Corollary 3.3:
For the normal period described by Keynes and Hicks, as in
Corollaries 3.1 and 3.2, k' < 0 implies an excess of forward

= = > o
sales when f0 ECl( = Efl)’ so long as yp 2 Yo

Proof: Again, we are interested in when
np(yp -yt (y, -vy,) > 0.
Now, k' < O implies Yo M and ¥gc yp. So long as

Yp 2 Yo the inequality holds and an excess of forward

sales occurs.
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Kaldor uses the notion of convenience yield to show that k' < 0 can be
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