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ABSTRACT

The impact of basis volatility on the successful 
realization of a perfect hedge in the London Metal Exchange 
aluminum, copper, and silver futures markets is examined.

The mechanics of hedging are reviewed. Three basic 
approaches to, and methods of price risk management through 
hedging are described and referred to as the classic, 
fundamental, and technical hedging approaches. Each 
approach represents a philosophically distinct view of the 
objectives and methods employed in a risk management hedging 
program.

The study then examines the importance of basis 
volatility to the success of each approach. The standard 
deviation of the basis for six- and twelve- month periods 
was the measure of basis volatility used. Basis volatility 
is shown to have a negligible effect on the classic hedger. 
Basis and price volatility indicate the historic range of 
price variations in a market.

The success of the statistically dependent technical 
hedger in achieving his objectives is shown to be sensitive 
to basis volatility. The impact of basis volatility on the 
success of a fundamental hedging approach is indeterminate. 
This is because it represents only one of many difficult to 
quantify, nonconstant factors in the fundamental1st hedge
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management decision process.
The ability of the classic hedger to achieve a perfect 

hedge on the London Metal Exchange (L.M.E.) in aluminum, 
copper, and silver futures markets for 1984, 1985, and 1986 
is presented. During this time period, basis volatility did 
indeed increase. The L.M.E. market data confirm the 
assertion that basis volatility has only a slight 
detrimental effect on the classic hedger's ability to 
achieve a perfect hedge. The classic hedger was able to 
maintain a perfect hedge in the L.M.E. silver market for all 
three years. Despite increasing basis volatility, the 
classic hedger was able to achieve a perfect hedge in the 
L.M.E. copper market in two of the three years in the study 
period. The classic hedger saw a decline in hedging success 
in the aluminum market during 1986. The L.M.E. aluminum 
market in 19 86 was plagued with alternating periods of 
contango and back markets, along with increased volatility 
in futures prices. It was the timing of these swings in 
price that adversely effected the classic hedger during this 
period.

ARTHUR LAKES LIBRARY 
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GOLDEN. COLORADO 80401
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Chapter 1 
INTRODUCTION

The central question of this study is the impact of 
basis volatility on the investor’s ability to achieve a 
perfect hedge. A theoretical hedging model linking 
volatility and hedge outcome is presented and applied to the 
London Metal Exchange (L.M.E.) aluminum, copper, and silver 
price data for the years 19 8 4, 1985, and 1986. It is shown 
that basis volatility has little impact on the hedge outcome 
for the traditional hedging approach. A total of three 
broad approaches to hedging are identified and the 
importance of basis stability to each case is noted.

The impetus for taking up the issue of basis volatility 
and its impact on successful risk avoidance through hedging 
stemmed from comments made by various metal traders at a 
short course held at the Colorado School of Mines. The 
short course was entitled "Risk Avoidance Through Forward, 
Futures, and Options Markets: Theory and Practice." The
short course was conducted by Dr. Thomas D . Kaufmann, Mr. 
Victor Besso, and Mr. Wayne Peterson and attended by metal 
traders and metal sales representatives from many of the 
major domestic metals producers. During the course of 
discussion, metal traders active in the aluminum markets 
expressed their frustration at not being able to meet their
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hedging objectives. The aluminum traders suggested that 
increased basis volatility could be a reason. The copper 
traders, in contrast to their colleagues in aluminum, 
expressed satisfaction with the copper markets. These 
comments were interesting and vexing because in recent years 
both the -aluminum and copper markets have exhibited 
increased basis volatility. This thesis analyses the impact 
of basis volatility on the hedge outcome.

The Purpose of Hedging
The purpose of a hedging program is to minimize and 

hopefully eliminate the potential financial losses 
associated with adverse price changes (Lenhart, 19 83). A 
metal producer or anyone who is or will be in possession of 
a physical commodity has a price risk exposure. This price 
risk is equal to the probable price movement during the 
period the commodity is held, times the number of units of 
the commodity owned or controlled (Figlewski, 1986).
Hedging provides a mechanism for the transfer of this price 
risk to a speculator or to someone else who wants to hedge 
the opposite position. The true hedger is indifferent to 
how the market price may change. The true hedger seeks to 
avoid risk through the mechanism of hedging. The speculator 
attempts to forecast correctly the size and direction of
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future price changes and adjusts his futures position 
accordingly. Speculators are risk takers who actively 
manage their risk in an effort to maximize trading profits. 
Hedging, for the speculator, is a method of risk management.

Hedging has been defined as establishing a position in 
a futures contract approximately equal, but opposite to, an 
already existing or anticipated net cash position to protect 
profit margins against an adverse change in price 
(Rinehimer, 1985).

A commodity producing or consuming firm's primary 
business objective is usually to obtain a merchandising 
profit. Essentially, in absence of a hedging program, a 
firm assumes the role of a speculator on the cash prices of 
its product or raw materials. A firm which does not hedge 
100 percent of its physical commodity position is, in 
essence, trying to forecast future price movements and thus 
entering the realm of speculation. In fact, a commodity 
producer cannot hedge more than a year forward and 
consequently is a long-run speculator.

This paper concerns itself with certain aspects of 
price risk avoidance through hedging in the futures markets, 
but producers and consumers can, of course, avoid the risk 
of price changes by selling, or buying, by forward contract. 
Selling, and conversely buying, forward involves locating a
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party willing to agree now to future delivery of a specified 
quantity of the commodity for a negotiated price. Forward 
buying and selling offer the advantages of specificity of 
commodity quality (a special alloy, for example), and 
flexibility of delivery dates. When trading on the futures 
exchanges, one is confined to the uniform standard commodity 
quality and delivery dates specified by the given futures 
contract. Forward contracts, on the other hand, entail 
certain disadvantages such as the difficulty in matching a 
producer's output with consumer's needs. In practice, 
forward contracts are not easily reassigned in the event one 
of the parties changes their mind as to the agreed to 
quantities or delivery date(s ) specified in the contract.
In practice, it can be sometimes difficult to hold the other 
party to the contract if the market price changes to his 
benefit during the course of the forward contract. Should 
the market price fall well below the agreed upon forward 
contract price, the other party, say the buyer, would be 
reluctant to pay the seller the higher-than-market forward 
contract price. The buyer would most likely raise 
complaints concerning the quality of the commodity and 
refuse delivery as a way of voiding the contract (Kaufmann, 
1987) .
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Bas is. The difference between a commodity's futures 
and cash price is known as the basis. The basis can be 
positive, zero, or negative depending on a great number of 
factors such as the fundamental supply and demand conditions 
for the commodity, short-and long-term interest rates, 
commodity warehousing costs, and speculator perception of 
the future market direction. The basis for metals 
historically has tended to be positive and its maximum 
theoretical value is set by the storage and transactions 
costs associated with buying, holding, and delivering the 
cash commodity against a futures contract. If the basis is 
greater than these costs, traders can realize time arbitrage 
profits by buying and storing the commodity for a period of 
time and then selling it. It is the prospect of arbitrage 
profits that sets a practical maximum for the basis. This 
condition of futures selling at a premium to the cash 
commodity is known as a normal or contango market.

On the other hand, there is no theoretical or actual 
minimum (or maximum negative) value associated with the 
basis. During periods of actual or anticipated commodity 
shortages, the cash prices will often stand at a premium to 
the futures price. This condition is referred to as an 
inverted market, backwardation, or simply a back. 
Historically, the back has not been as common as the
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contango market condition. Commodity markets can move from 
a contango to back condition or vice versa rapidly.

Volatility. A common measure of market stability is 
price volatility. Volatility has been described as the 
quality of price movement measured over time. The greater 
the price variation, the greater the volatility. Three 
basic methods of quantifying volatility are used in 
measuring volatility. The three methods are to 1) examine 
the period range of prices, 2) use the absolute price 
changes from one market period to the next market period, 
and 3) consider the average price range for the period 
(Hitschler, 1984). Specifically, volatility is a measure of 
the amplitude of the individual data point variations from 
their mean during a specified time and involves determining 
the statistical variance of each basis from its 6- and 12- 
month mean. The square root of the variance is known as the 
standard deviation and is used as a measure of volatility.

When commodity analysts speak of volatility they are 
usually referring to price volatility. As conventionally 
defined, price volatility is a measure of daily price 
movements expressed as a percentage of price. The 
calculation of price volatility involves taking the 
logarithm of the ratio of the second period price to the 
first period price. The variance and standard deviation of
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the value of the price ratio logarithm are determined and 
reported as the annualized percentage of price volatility 
(Baker, 19 87 ) . Since the logarithm of a negative number is 
undefined and the basis can be positive, zero, or negative, 
this method of calculation cannot be applied to basis 
volatility. A further discussion of volatility calculations 
is presented in the Appendix.

The standard deviation of the basis over time is the 
measure of basis volatility used here. The units of the 
reported basis standard deviation are British pounds per 
futures contract. For example, assume that a commodity’s 
basis has averaged 25 British pounds per futures contract of 
one metric ton of metal and that the basis standard 
deviation is 5 British pounds per contract for the same 
period. A normal probability distribution used by futures 
option writers suggests that the basis is apt to remain 
within one standard deviation (5 British pounds) from its 
average value 68 percent of the time, and within two 
standard deviations (10 British pounds) 95 percent of the 
time (Harper, 1987). An example of this type of calculation 
is presented in the Appendix..

High volatility values indicate an active and perhaps 
erratic market where prediction of future prices is indeed 
very difficult. A market reporting low volatility values



T-3437 8

could be characterized by a constant or steady price 
activity in either a positive or negative direction. This 
would be an orderly situation where one could more easily 
forecast future market conditions.

Hedging Examples
Examples of buying and selling hedges are shown below 

to illustrate the mechanics of hedging. It is assumed here 
that all hedges are held for their full contract term and 
that the cash price and the price of the futures contract at 
the end of its life converge and are indeed equal. For 
convenience, this thesis assumes that all hedges have three- 
month terms as 90-day prices are most commonly quoted on the 
L.M.E.

The Selling Hedge. The buying hedge and the selling 
hedge represent the two basic hedging scenarios (Merrill 
Lynch Ltd, 19 83). The selling or price fixing hedge is 
commonly used by a commodity producer to establish a known 
selling price for the yet-to-be produced good. For example, 
a mining company may produce fire refined copper. Since the 
value of fire refined copper varies directly with the price 
of standard cathode copper, the mining company could sell 
copper (standard cathode) futures contracts to protect 
against a decline in the value of its fire refined copper
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production due to a drop in the price of standard cathode 
copper. Eventually, the mining company would buy back the 
futures position at the time its fire refined copper was 
sold in the normal course of business. In this way, any 
losses incurred in the course of selling fire refined copper 
would be mitigated by corresponding gains in the copper 
(standard cathode) futures market. A typical selling hedge 
is executed as follows.

Cash Market 
(fire refined copper) 
May 5 
$0.81/lb

Futures Market 
(standard cathode copper) 
May 5
$0.85/lb August contract 
- sell

August 4 
$0.71/lb 
- sell

August 4
$0.74/lb August contract 
- buy

The net or effective sales price is the August 4 cash 
fire refined copper market revenue of 71 cents per pound 
plus the unexpected standard cathode copper futures market 
profit of 11 cents per pound (85 less 74), giving a total of 
82 cents per pound.

A perfect hedge is one that results in an effective 
received hedge price equal to the initial cash price plus 
the initial basis, be it positive or negative. The hedger 
is interested in establishing a known revenue for his future 
product. As the initial futures price, by definition.
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embodies the basis, it is the price benchmark against which 
to judge the perfectness of a hedge.

A perfect hedge occurs when cash and futures price 
over the life of the futures contract move in equal but 
opposite directions and thus compensate for one another.
That is to say, a profit in the futures market is exactly 
offset by a "loss" in the cash market. The hedger receives 
the initial futures price (initial cash plus the initial 
basis), and no unanticipated profit or loss is experienced.

In the above selling hedge example, the producer will 
realize an unexpected 1-cent per pound paper profit on the 
hedge transaction. This 1-cent per pound paper profit 
results from the 11-cent per pound gain in the futures 
market (85 minus 74) less the 10-cent per pound paper loss 
in the cash market (81 minus 71). In hedging all of his 
future production, the producer demonstrates his willingness 
to receive the then prevailing futures price. The 
producer's objective in initiating a selling hedge is not to 
speculate on future price movements but rather to lock in a 
known revenue and thus minimize his exposure to unfavorable 
future price movements.

Any deviation, be it a profit or a loss, of the 
effective received hedge price from the initial futures 
price gives rise to an imperfect hedge. In fact, the
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magnitude of these deviations represents the price risk 
exposure and the degree to which the risk-shy hedger was 
turned into an unknowing speculator by market price 
movements.

The Buying Hedge. The buying or price offset hedge is 
commonly used by a commodity consumer to establish a known 
buying price for the yet-to-be purchased raw material. The 
fabricator who purchases aluminum scrap for the production 
of aluminum alloy is a typical user of the buying hedge. 
Since the value of aluminum scrap varies with the price of 
aluminum ingot, the fabricator could buy aluminum futures 
contracts to protect against an increase in the cost of its 
aluminum scrap purchases due to a rise in the price of 
aluminum. In this way, any losses incurred in the course of 
buying aluminum scrap would be mitigated by corresponding 
gains in the aluminum futures market. The fabricator buys 
aluminum futures contracts to protect against a rise in the 
price of aluminum scrap. The fabricator purchases aluminum 
futures contracts equal to his future aluminum scrap needs 
at the same time he establishes the selling price for his 
product, say aluminum alloy. When the fabricator finally 
buys the scrap aluminum, he sells the aluminum futures 
contracts. A typical buying hedge is executed as follows.
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Cash Market 
(aluminum scrap) 
June 10 
$0.55/lb

Futures Market 
(aluminum ingot)
June 10
$0.83/lb September contract 
- buy

September 8 
$0.67/lb 
- buy

September 8
$0.93/lb September contract 
- sell

The net or effective aluminum scrap purchase price is 
the September 8 cash market price of 67 cents per pound less 
the unexpected futures market profit of 10 cents per pound 
(93 less 83), giving a total of 57 cents per pound. In this 
case, the fabricator experienced a 2-cent per pound paper 
loss on the hedge. This 2-cent per pound paper loss results 
from the 10-cent per pound gain in the futures market (93 
minus 83) less the 12-cent per pound paper loss in the cash 
market (67 minus 55).

The existence, origin, magnitude, and sign of the above 
mentioned hedge paper profits and losses are of great 
interest to the risk-shy traditional or classic hedger. The 
existence of these hedge paper profits/losses indicate a 
nonperfect hedge result. Their magnitude and sign show the 
degree of deviation from the perfect hedge outcome.
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The London Metal Exchange
Price data from the London Metal Exchange (L.M.E.) were 

used in this study for a number of reasons. The L.M.E. has 
been the terminal market on which a large part of the 
world’s metal producers and traders have hedged their 
transactions in aluminum, copper, lead, zinc, nickel, and 
silver. This study uses price data from the L.M.E. 
aluminum, copper, and silver markets for the years 1984, 
1985, and 1986. The L.M.E. tin and nickel markets were not 
studied because of the existence of large investors 
operating in these thin markets. As an economy of time, the 
L.M.E. lead and zinc markets were not examined.

Historic and current L.M.E. price quotations are 
readily available and serve as the basis for innumerable 
ore, concentrate, and metal purchasing and sales contracts 
throughout the world. As such, L.M.E. prices may be used 
with reasonable confidence as representing the world metal 
market activities.
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Chapter 2 
BASIS VOLATILITY 

AND THE THREE APPROACHES TO HEDGING

Hedging is a method of risk management. Three basic 
approaches to commodity trading and the use of hedging are 
readily identifiable. These three approaches are 
distinguishable by the methods of risk assessment and risk 
management employed. This study will refer to them as the 
classic, fundamental, and technical trading approaches.

The classic trader is a risk avoider. The classic 
trader hedges in order to minimize exposure to price risk. 
The fundamental trader is a profit maximizer who is willing 
to accept the price risk that the classic trader wishes to 
avoid. The technical trader can be viewed a provider and 
purchaser of insurance. The technician is willing to 
assume a statistically prudent level of risk in an effort to 
balance the expected hedge return with the perceived price 
risk.

In today's futures markets it would be rare indeed to 
encounter a trader who pursued an exclusively fundamental, 
technical, or classic trading approach. A survey of current 
futures markets publications gives one the impress ion that a 
technical approach tempered with an acknowledgment of 
fundamental considerations is by far the most popular
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approach to trading today.
The technical/fundamental approach constitutes, in 

every sense of the word, active risk management or more 
directly, speculation. In contrast, the classic trader is 
engaged in what one might term passive risk management. It 
should be recognized that active risk management, while 
promising tighter control on potential risk exposure, also 
leaves the trader open to the adverse results of such market 
vagaries as basis volatility. The technical/fundamental 
trader has a higher tolerance to risk than his more risk-shy 
colleague. The classic trader wants to lock in a known 
revenue. The technical/fundamental trader strives to 
maximize his expected return and, in fact, is always acting 
as a speculator with that portion of his cash position that 
is not hedged.

A description of each approach is presented along with 
an assessment of the impact of basis volatility on their 
respective outcomes.

The Classic Trader
The classic or traditional approach is characterized by 

hedging 100 percent of the exposed cash position and by 
holding the fully hedged position for the full life of the 
futures contract (Gibson-Jarvie, 1976). These traders hedge
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to protect their merchandising profit and not primarily to 
realize hedging profits or losses by trying to anticipate 
future price movements by statistical or fundamental market 
analysis.

The classic trader is a nonrisk taker. A hedge is 
established with full realization and anticipation of 
earning the initial contango or of losing the initial back 
plus the initial cash price. That is, it is the initial 
futures price (cash price plus the basis) that is of 
interest to the risk-avoiding hedger. Should the hedge 
result in a received price equal to the initial futures 
price, the trader successfully avoids risk of price movement 
and the resultant revenue fluctuation. Because of the 
nonspeculative nature of the classical trading approach, 
some traders consider the classic trader the only pure or 
true hedger.

The Mathematics of the Classic Approach. The 
mathematical relationship of the basis and its effect on the 
attainment of a perfect hedge for the classic approach is 
shown below. A 4-period lag is used because a 90-day 
futures contract is assumed to be used. The hedge begins at
the start of the first period. The second period begins at
the start of the second month. The third period begins at
the start of the third month. The futures contract, and
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hence the hedge. expires at the end of the third month.
convenience, the fourth period price data is taken to b<
equivalent to the end of the third period price data .

FI-(P4-P1) B(t+4)-
"t" CASH FUTURE Bt REALIZED BASIS

PERIOD PRICE PRICE BASIS PRICE CHANGE
1 PI FI Bl
2 P2 F2 B2 - -

3 P3 F3 B3 - -

4 P4 F4 B4 H4 dB4
5 P5 F5 B5 H5 dB5
6 P6 F6 B6 H6 dB6
7 P7 F7 B7 H7 dB7

The basis at any time is by definition the difference 
between the futures and cash price and is given by B t . The 
difference between the final and initial basis is denoted by 
dBt, where the "t" represents the final period number. 
Throughout this paper the lower case letter "d" is used to 
denote the change in a price or a basis between its final 
and initial value. The realized hedge price is the initial 
futures price less the difference between the final and 
initial cash prices. The realized hedge price is summarized 
in algebraic form as follows.

Ht = [(PI + Bl) P4 ] + Pi
Ht = [ FI - P4 ] + PI
Ht = [ (sell) - (buy)1 + (base spot price)
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Ht = [(receive) - (spend)] + (base spot price)
Ht = [ (Hedge gain/loss) ] + (base spot price)

For the hedger, "sell" in the initial period means sell 
futures short and, in effect, receive this FI price. "Buy" 
refers to closing the hedge by effectively buying the 
commodity at the period "t" spot or physical price. This 
buying on the physical market represents an actual 
expenditure.

A bit of algebra must be used to manipulate the above 
equation into a form where a term representing a change in 
basis appears. Recall that Pt, the cash price in period t, 
may be expressed as Pt = Ft - Bt, where Bt is the basis in 
time t. Substituting this into the hedge equation :

H4 = [(PI + Bl) - P4 3 + PI
H4 = [(PI + Bl) - (F4 - B 4 )] + PI

Simplifying :
H4 = PI + Bl - F4 + B4 + PI

Remember that PI, the spot price in period 1, may be 
expressed as PI = FI - Bl, where Bl is the basis in time 1.

Substituting this into the hedge equation:
H4 = PI + Bl - F4 + B4 + FI - Bl
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Collecting terms gives:
H4 = FI - (F4 - FI) + (B4 - Bl)

This expression indicates that the realized hedge price 
is a function of the initial futures price, less the change 
between the final and initial futures prices, plus the 
change in the basis between the final and initial time 
periods.

A measure of the degree of achieving a perfect hedge is 
the ratio of the realized hedge price to the initial period 
futures price. This "outcome" ratio (H4/F1), will be equal 
to 1 (one) when a perfect hedge has been achieved. This is
because FI represents the classic trader's expected return.
When the realized hedge price, H4, is equal to the expected 
return, FI, then a perfect hedge has been achieved. The 
hedger has suffered neither unexpected losses nor realized 
unanticipated gains. He has received his expected price FI.

Hi = El - (F 4 - FI) + (B4 - Bl)
FI FI FI FI

Letting dF4 and dB4 represent the changes in the
futures prices (dF4) and the basis (dB4) between the final
and initial time periods, the simplified equation is

H4 = 1 - dF4 + dB4
FI FI FI
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This more compact formula shows that the outcome ratio, 
H4/F1, for the classic hedger will be equal to 1 (one), when 
a perfect hedge has been realized. An outcome ratio less 
than 1 indicates unexpected hedging losses. Conversely, an 
outcome ratio greater than 1 shows that unanticipated 
hedging profits were made.

The magnitude of the deviation of the hedge result from 
the perfect hedge case is given by the sum of dF4/Fl, the 
ratio of the change in the futures prices over the period to 
the initial futures price, and by dB4/Fl, which is the ratio 
of the change in the basis over the period to the initial 
futures price. The ratio of dF4/Fl will be referred to as 
the "1st Futures" ratio and the ratio of dB4/Fl will be 
called the "Basis/lst Futures" ratio.

When dF4 = dB4, then a perfect hedge will result. When 
dF4 does not equal dB4, then the hedge result will depend on 
the relative magnitudes of the changes in the futures prices 
and the basis over the hedge period.

Impact of Basis Volatility. Upon reflection, it is 
clear that for the classic hedger, each hedge is distinct. 
Each hedge has its own unique combination of initial and 
final cash and futures prices. For the classic hedger, 
these initial and final values are like Polaroid snapshots 
of the commodity market, while volatility is like a movie
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critic's opinion of a film. Volatility tells the classic 
hedger that things could be exciting in the market but not 
much more. Volatility for the classic hedger is, at best, a 
qualitative assessment of past price trends. Volatility 
does not address the timing or frequency of changes in the 
basis. Keep in mind that basis volatility is a measure of 
the amplitude of changes in the basis. These swings in 
price can and often do take place during the course of the 
hedge. During the course of the hedge, the cash and futures 
prices could fall or rise by 100 percent and still have no 
impact on the hedge outcome for the classic trader. The 
classic trader would not lose a lot of sleep during such a 
volatile market, because he won't make or lose any money 
until the day of reckoning arrives when his futures contract 
expires. The classic hedger's outcome will depend on where 
the prices stand when he opens and closes his hedge.

The following example illustrates that basis volatility 
per se does not have an appreciable effect on the classic 
trader's ability to achieve a perfect hedge.
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CASH FUTURES
PERIOD PRICE PRICE

1 97 100
2 94 98
3 92 97
4 90 96
5 94 99
6 99 104
7 100 108
8 104 99
9 98 106

10 92 101
11 97 100
12 106 97

(dB4)
REALIZED BASIS 

BASIS PRICE CHANGE
3 - -
4 - -
5 - -
6 107 + 3
5 98 + 1
5 • 90 0
8 86 2

-5 89 -10
8 105 3
9 116 1
3 106 8

-9 98 -17

Applying the outcome formula to the hypothetical data 
presented above illustrates the impact of basis volatility 
on the classic trader.

Classic hedger "outcome" formula :

H 4 1 dF4 + dB4
FI FI FI

or in words :
OUTCOME
RATIO

ONE 1st FUTURES + BASIS/lst
RATIO FUTURES RATIO
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6 PERIOD BASIS/lst
BASIS OUTCOME 1st FUTURES FUTURES

PERIOD STD DEV RATIO RATIO RATIO
1 1.115
2 1.115 - - -

3 1.115 - - -

4 1.115 1.070 -0.040 0.030
5 1.115 1.000 0 . 010 0.010
6 1.115 0.928 0.072 0 .000
7 7.633 0.896 0.125 0.021
8 7.633 0 . 899 0 .000 -0.101
9 7.633 1.010 0.019 0.029

10 7.633 1.074 -0.065 0.009
11 7.633 1.071 0.010 0.081
12 7.633 0.923 -0.083 0.160

The above example shows that a dramatic increase in the 
6 period basis volatility had no significant effect on the 
"outcome" ratio for the classic hedger. The example clearly 
shows the lack of a discernable relationship between basis 
volatility and hedge outcome.

The Fundamental Trader
The fundamental trader is a profit maximizer who uses 

hedging as way of leveraging and/or covering his investment 
positions as market conditions change. The fundamental 
approach emphasizes the study and comprehension of the ever- 
changing supply and demand situation of the commodity of 
interest, as well as macroeconomic considerations such as 
interest rates and intensity-of-use trends (Lenhart, 1983).
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This knowledge, along with a trader's sense of market 
behavior, is used to constantly adjust cash and futures 
positions. The fundamentalist may or may not hedge 100 
percent of his cash position. At any given moment, the 
investor's portfolio will reflect his perception of price 
prospects for the commodity and the general economy. The 
fundamental trader is a speculator who invests according to 
his views of market trends in order to realize the greatest 
trading profit possible.

The fundamentalist epitomizes the consummate speculator 
at his best and as such, it is nigh impossible to quantify 
the impact of basis and price volatility in his hedging 
decisions. Each set of market price circumstances would be 
unique and therefore not amenable to a direct quantification 
of the effects of basis volatility on the hedge outcome for 
the fundamentalist. Commodity price volatility gives the 
astute fundamental trader/speculator rich opportunities to 
exercise his business skills. At the same time it also 
increases the potential for trading losses due to price 
risk.

The Technical Trader
The 1980s have been the decade of the technical trader. 

The pure technician is an expert in the application of
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advanced probability and statistical methods to commodity 
price data. The technical trader has been characterized as 
a speculator who believes his statistically based trading 
program is superior to those of other traders.
Alternatively, the technical trader has been viewed as an 
actuary who sells insurance against unexpected price 
volatility (Kaufmann, 1987). The technician adjusts the 
proportion of his cash position to be hedged based on past 
price history. Past price activity is very important to the 
technician. The technician hedges his cash position to the 
point where the price risk taken on by trading futures 
contracts begins to outweigh the price risk that has been 
hedged away. This involves calculations of expected returns 
for different price scenarios. A simple example of the 
technical approach, liberally adapted from
Hedging with Financial Futures for Institutional Investors 
by Stephen Figlewski, is presented.

The Mathematics of the Technical Approach. Let PO be 
the initial price of one unit of the cash position. In the 
case of aluminum, this would be in cents per pound. The
cash commodity price at the end of the hedge period is
denoted by Plx. The "x" indicates that this price is a 
random or uncertain variable as of the beginning of the
holding period. Let Pirn be the mean of Plx, and SDp be the
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standard deviation of (Plx - PO).
The symbols FO and Fix are used to refer to the initial 

and ending futures prices, with Flm denoting the mean of 
Fix, and SDf the standard deviation of the futures price 
change.

The hedge will consist of selling "h" units of futures 
per unit of the cash position. This "h" is commonly 
referred to by technicians as the hedge ratio. Finally, 
assume that the letter "c" denotes the correlation between 
the price of the cash portfolio and the futures price.

The profit per unit on the hedged portfolio is the 
price change on the cash position, minus "h", times the 
change in the futures price.

Profit = (Plx - PO) - h (Fix - FO)

The expected profit is then

Expected Profit = (Pim - PO) - h(Flm - FO)

The variance and standard deviation of the hedge profit,
SDh, are given by

VAR(SDh) = (SDp*SDp) + h * (SDf)*h*(SDf) + 2*c*h*(SDp)*(SDf) 

SDh = ((SDp*SDp) + h*(SDf)*h*(SDf) + 2*c*h*(SDp)*(SDf))**l/2 

Throughout this thesis a single asterisk, *, denotes
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multiplication and a double asterisk, **, indicates 
exponential power.

The risk minimizing hedge ratio can be shown to be 
equal to (c*SDp)/SDf. Further manipulation shows that the 
minimum risk that can be attained on a hedge portfolio is

SDh (min) + SDp(l - c**2)**l/2

To generate the combinations of risk and expected 
return that are feasible in a given hedge, one plugs in 
different values of "h" into the above equations. An 
estimate of the risk minimizing hedge ratio, "h", is 
normally computed by the practicing technician by running a 
regression of cash price changes on futures price changes. 
The slope of the regression line is the risk minimizing 
hedge ratio. The unhedged position has an "h" of zero, 
while the 100 percent hedged position has an "h" of one.

The Impact of Basis Volatility. As pointed out in 
Figlewski*s book, risk can be completely eliminated only 
when there is a perfect correlation between the cash and 
futures prices; that is, when "c" is equal to 1 or -1. This 
correlation may serve as a proxy for basis volatility. High 
basis volatility would give a widely changing correlation 
coefficient. This, in turn, would greatly complicate the 
job of the technical hedger. The risk minimizing hedge
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ratio would be constantly changing. In summary, basis 
volatility can prevent or make it difficult for the 
technical trader to attain the objective of maximizing 
expected return while minimizing the price risk to the 
underlying commodity.
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Chapter 3 
ANALYSIS OF LONDON METAL EXCHANGE 
PRICE DATA FOR THE CLASSIC TRADER

An analysis of L.M.E. aluminum, copper, and silver 
futures and cash commodity price data from 19 8 4, 1985, and 
1986 was made employing the classic trader approach. The 
previous chapter highlighted the speculative element 
inherent in the technical and fundamental trader 
approaches. These trading programs combine statistically 
and subjectively determined assessments of probable future 
price movements ; this is, in essence, making a forecast of 
future prices and then taking and constantly adjusting an 
investment position on the basis of the initial and 
subsequent forecasts. This is active expected return and 
active price risk management.

The classic trader’s objective is to establish a known 
future price for his commodity. In establishing a hedged 
position, the classical trader indicates that the initial 
futures price is acceptable and perhaps has economic 
relevance to his production costs. In short, the initial 
futures price represents the classic trader’s expected 
return. The classic trader, who is long the commodity, 
fully expects to receive the contango as profit or to lose 
the back. The classic trader takes a market position and
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maintains it for the life of the contract. There is no 
attempt to forecast the future, only the acceptability of
the initial futures price is evaluated. This is passive
expected return and passive risk management.

Assumptions Made in the Analysis
The presented L.M.E. price data was evaluated using a 

classic trader approach. The L.M.E. cash and futures price 
data was obtained from the annual Metal Bulletin handbooks 
and the weekly Metal Bulletin journal. Price data from the 
15th of each month or the next closest business date was 
used. Each hedge was held to its full three-month term.
For simplicity, no transaction costs, including margin or 
margin calls, or financing costs were calculated, although 
at times they may be significant. The standard deviation of 
the basis for six- and twelve-month periods is used as a 
measure of basis volatility. Detailed spreadsheets showing 
the historic basis volatility and hedge outcome calculations 
are presented in the Appendix.

Basis volatility ranges and classic hedge outcomes for 
L.M.E. aluminum, copper, and silver are discussed in the 
following sections. In the presented summary tables, the 
letters "a" and "b" following a year represent respectively 
the first and second half of that year. The reported basis
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standard deviations are in British pounds per futures 
contract for the metal. For example, L.M.E. silver is 
traded in contracts of 10,000 troy ounces. A basis standard 
deviation could be, say, 5 British pounds per silver futures 
contract.

The "outcome" ratio represents the classic trader 
realized hedge return divided by the expected return 
(equivalent to the initial futures price). When the 
outcome ratio is equal to 1, a perfect hedge was achieved.
By previous definition, a perfect hedge outcome is equal to 
the initial futures price. Recall that the futures price is 
composed of the cash price plus the basis. When the basis 
is positive it is referred to as the contango profits. When 
the basis is negative it is known as a back. In brief, a 
perfect hedge outcome includes the realization of contango 
profits or the back losses. A greater than 1 value 
indicates that unanticipated hedge profits were made, while 
an "outcome" ratio less than 1 notes that unexpected hedge 
losses were experienced.

L.M.E. Aluminum. L.M.E. aluminum price data, 
denominated in British pounds per metric ton, for virgin 
ingot (minimum 99.5% A 1 ) were used to evaluate the impact of 
increased basis volatility on the classic hedger's outcome. 
Table 3.1 shows that basis volatility, as measured by its
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standard deviation, did indeed increase from 3.16 to 16.66 
British pounds per metric ton over the three-year study 
period, while the annual average for the basis plummeted 
from 22.71 to 7.44 British pounds per contract. During this 
period the "outcome" ratio declined from 1.034 to 0.966.

Table 3.1 Classic Hedger Summary for L.M.E. Aluminum

PERIOD
Basis 

Std Dev
Outcome
Ratio

Average
Basis

1984 a 
1984 b

4.1786 
2.0540

1.0642
1.0035

22.29
23.13

1985 a 
1985 b

7.1758
1.2591

1.0127
1.0873

27.67
23.21

1986 a 
1986 b

16.7842
17.2653

0.9582
0.9731

11.04 
3 .83

ANNUAL
1984
1985
1986

3.1692
5.4357

16.6649
1.0339
1.0500
0.9656

22.71
25.44
7.44

Note: the letters "a" and "b" following a year 
denote the first and second half of that year. 
The reported basis standard deviations are in 
British pounds per futures contract for the 
metal.

Table 3.2 shows the L.M.E. aluminum monthly price data 
for 1986. Recall that basis volatility in this market 
averaged 16.66 British pounds per contract during 1986. 
Notice that in 6 of the 12 months, a greater than perfect 
hedge was achieved. That is, unanticipated hedge profits
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were realized in 50 percent of the hedges made by the 
classic hedger in L.M.E. aluminum during 1986. Basis 
volatility alone says nothing of the potential for achieving 
a perfect hedge by the classic hedger. As mentioned in 
Chapter 2, it is the specific initial and final of a hedge 
period that determine the hedge outcome.

Table 3.2 19 86 L.M.E. Aluminum Price Data
3 Period

DATE Cash Futures Basis
Change
Basis

Outcome
Ratio

1-15 795.50 822.50 27.00 4.50 0.8450
2-17 780.50 806.50 26.00 2.00 0 .8225
3-17 802.75 822.75 20.00 -5.25 0.9644
4-16 748.50 760.75 12.25 -14.75 1.0571
5-15 754.00 746.00 -8. 00 -34.00 1.0329
6-16 780.50 769.50 -11.00 -31.00 1.0270
7-15 735.00 751.00 16.00 3.75 1.0177
8-15 746 . 25 755.25 9.00 17.00 1.0104
9-15 828.00 797.50 -30.50 -19.50 0.9383

10-15 817.75 822.25 4.50 -11.50 0 .8898
11-17 795.25 806.00 10.75 1.75 0.9351
12-17 790.25 803.50 13.25 43.75 1.0473
ANNUAL 781.18 788.62 7.44 0.9656

As indicated by the outcome ratio figures in the far 
left column of Table 3.2, 1986 was a very traumatic year for 
the classic hedger in the L.M.E. aluminum market. Although 
the annual outcome ratio indicated a 3.5 percent hedging 
loss (1 less 0.9656), the year was punctuated by losses of 
up to 17 percent (2-17-86) and gains reaching to 6 percent
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(4-17-86). Results such as these it clear why a purely 
classic hedging approach is sometimes not acceptable to 
corporate management.

L.M.E. Copper. L.M.E. copper price data, denominated 
in British pounds per metric ton, for standard cathode 
(minimum 99.99% Cu) were used to evaluate the impact of 
increased basis volatility on the classic hedger's outcome.

Table 3.3 Classic Hedger Summary for L.M.E. Copper

PERIOD
Basis 

Std Dev
Outcome

Ratio
Average
Basis

1984 a 
1984 b

4.9800
4.6314

0.9554
0.9765

15.75
15.25

1985 a 
1985 b

11.2580
5.9386

0.9502
1.0944

9 . 58 
22.33

1986 a 
1986 b

12.4056
11.6559

1.0113
1.0191

18 . 50 
19.96

ANNUAL
1984
1985
1986

4.5925 
10.8616 
11.5017

0.9660
1.0223
1.0152

15.50
15.96
19.23

Note: the letters "a" and "b" following a year 
denote the first and second half of that year. 
The reported basis standard deviations are in 
British pounds per futures contract for the 
metal.

Table 3.2 shows that basis volatility (standard deviation) 
rose from 4.59 to 11.50 British pounds per metric ton in the 
course of the three-year study period. During this period
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the "outcomeH ratio increased from 0.966 to 1.015. This 
increase in the "outcome" ratio reflects, in part, the 
relatively steady, albeit downward, movement of copper 
futures prices. This downward trend began in 19 8 5 and 
continued through 1986.

L.M.E. Silver. L.M.E. silver price data, denominated 
in British pounds per 10,000 troy ounces, were used to 
evaluate the impact of increased basis volatility (standard 
deviation) on the classic hedger's outcome. Table 3.3 shows 
that basis volatility rose from 1.06 to 2.66 British pounds 
per 10,000 troy ounces during the three-year study period.

Table 3.4 Classic Hedger Summary for L.M.E. Silver

PERIOD
Bas is 

Std Dev
Outcome

Ratio
Average
Basis

1984 a 0.5229 1.0095 13.94
1984 b 1.2023 1.0403 15.06
1985 a 1.6434 1.0597 16.73
1985 b 0.6785 1.0849 12.36
1986 a 2.2551 1.1004 10.46
1986 b 2.8741 0.9309 8.56
ANNUAL

1984 1.0589 1.0249 14.50
1985 2.5801 1.0723 14 . 55
1986 2.6553 1.0157 9.51
Note : the letters "a" and "b" following a year
denote the first and second half of that year.
The reported basis standard deviations are in
British pounds per futures contract for the
metal.
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During this period the ’’outcome" ratio remained greater 
than 1. There was a continual contango market and the cash 
and futures price trends exhibited a relatively steady 
downward movement during the course of the study period.

L.M.E. Intercommodity Comparison
When comparing the outcome ratios and basis volatility 

(standard deviation) results of the various commodities, one 
should bear in mind the absolute price differences between 
the commodities. Basis standard deviation (volatility) is 
reported in absolute monetary terms. In silver, basis 
volatility more than doubled in value during the study 
period. However, as a percentage of the futures price, 
silver's average yearly basis only increased from 2.34 
percent to 2.49 percent indicating a very stable market. In 
aluminum, basis volatility showed a five-fold increase in 
value during the study period. But, as a percentage of the 
futures price, aluminum's average yearly basis fell from 
2.39 percent to 0.94 percent. The case of copper falls 
somewhere in between that of aluminum and silver. In 
copper, basis volatility exhibited a two-and-one-half-fold 
increase in value during the study period. But, as a 
percentage of the futures price, copper's average yearly 
basis rose from 1.49 percent to 2.05 percent.
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It is interesting to note that a metal trader, who 
maintained a classic hedger investment philosophy for the 
course of the study period, would have exceeded his expected 
hedge returns in the L.M.E. copper and silver markets. One 
can conclude that, during the study period, the L.M.E. 
copper and silver futures markets functioned as effective 
mediums for passive risk management. This stems from the 
relatively steady pace of price development trends in these 
two markets.

During the study period, the classic hedger did not 
fare as well in the L.M.E. aluminum market. The aluminum 
market fluctuated between contango to backwardation 
conditions. The classic trader was undone in the 1986 
L.M.E. aluminum market by the timing or frequency of price 
changes. The hedge outcome results for the aluminum, 
copper, and silver markets indicate that the classic hedger 
can realize significant hedging profits and, conversely, can 
lose large sums of money through his hedging activities.

Table 3.5 summarizes the annual outcome ratios and 
basis volatility figures for the L.M.E. aluminum, copper, 
and silver markets during the study period. The fact that 
the basis volatility of all three metals increased 
dramatically during 19 86 does not show any correlation with 
their respective classic hedger outcome ratios.
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Table 3.5 Classic Hedger Summary for L.M.E. 
Copper, and Silver

ALUMINUM
Outcome Basis 

YEAR Ratio Std Dev

COPPER
Outcome
Ratio

Basis 
Std Dev

1984 1.0339
1985 1.0500
19 86 0.9656

3.1692
5.4357

16.6649
0.9660 4.5925
1.0223 10.8616
1.0152 11.5017

Aluminum,

SILVER
Outcome 
Rat i o
1.0249
1.0723
1.0157

Basis 
Std Dev
1.0589 
2.5801 
2.6553

Note: The shown annual outcome ratio values are the twelve 
month average for the respective year. The reported basis 
standard deviations are in British pounds per futures 
contract for the metal.

As explained in Chapter 2, Volatility is, at best, a 
qualitative assessment of past price trends. Each hedge is 
a distinct transaction, with its own set of initial and 
final cash and futures prices. The classic hedger outcome 
will depend on where the prices stand at the beginning and 
end of the hedge period. Volatility does not measure the 
timing or frequency of changes in price or the basis. 
Volatility is a measure of the amplitude of price or basis 
swings during a given period.

Although it is clear that basis volatility has no 
direct impact on a classic hedger’s outcome ratio, it is not 
entirely satisfying conclusion. A possible area of further 
research would be to examine the impacts of cash or of 
futures price volatility on the classic hedger's outcome 
ratio. A survey of the available price data indicates that
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futures price volatility has increased more than cash price 
volatility in the L.M.E. aluminum market during 1986.
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Chapter 4 
CONCLUSIONS

The importance of basis volatility to a metal trader 
will vary with the hedging strategy pursued. Price, and 
hence, basis volatility per se are of little direct 
importance to the classic hedger. The hedge outcome for the 
classic hedger is determined by the begin-of-hedge cash and 
futures prices and the end-of-hedge cash price. Each hedge 
is a self-contained, closed-end investment activity. Prices 
may fluctuate wildly during the course of a hedge and still 
have no impact on the hedge outcome for the classic hedger. 
The classic trader is concerned with only two specific 
moments in market history for each hedge : namely the opening 
and closing dates of the hedge.

Price and basis volatility figures are like market 
weather reports. High volatility indicates everything from 
bright sunshine to blizzard conditions. The classic hedger 
is like the man who steps out of his house only twice a day, 
once in the morning to get the newspaper and again in the 
afternoon to check his mailbox. Metaphorically speaking, 
during period of high volatility the classic hedger may step 
out of his house and encounter a blazing sun or a cold wind. 
Volatility does not say that these conditions will prevail 
during the two moments when the classic hedger sallies forth
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into the market. High volatility indicates that if our man 
stayed outside all day long, he would experience the 
complete gamut of weather conditions embodied by the 
magnitude of the volatility.

The position of the technical hedger is very sensitive 
to basis volatility. The technical hedger uses historic 
basis and price volatility figures to arrive at the 
statistically determined optimum proportion of the cash 
position to be hedged. Should price, and hence basis, 
volatility increase significantly, the technical hedger's 
calculations of expected return versus perceived risk are 
invalidated. This is because these risk/return calculations 
were predicated on the price and basis trends remaining 
relatively constant. In short, increased basis volatility 
is the technical hedger’s nightmare. When the short-term 
past ceases to be a reasonably accurate indication of the 
short-term future, the technical hedger is stripped of his 
primary risk evaluation tool.

The impact of basis volatility on the position of the 
fundamental hedger is not easily quantified. Basis 
volatility is only one of many possible variables that the 
fundamental hedger considers in evaluating and taking a 
hedge position. The pure fundamental trader relies on 
business, market, and general economic acumen in pursuing a
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hedging program. This is, of course, a subjectively 
determined program and as such, defies direct mathematical 
description.

An examination of L.M.E. aluminum, copper, and silver 
market price data for the years 1984, 1985, and 1986 
indicated no correlation between basis volatility and the 
ability of the classic hedger to achieve a perfect hedge.

Table 4.1 shows some additional and previously 
presented summary data for the classic hedger in the L.M.E. 
aluminum, copper, and silver markets for the years 1984, 
1985, 1986.

Table 4.1 Classic Hedger Study Period Summary for L.M.E. 
Aluminum, Copper, and Silver

ALUMINUM COPPER SILVER

YEAR
Outcome
Ratio

Basis 
Std Dev

Outcome
Ratio

Basis 
Std Dev

Outcome
Ratio

Basis 
Std Dev

1984 1
1985 1
1986 0

0339
0500
9656

3.169 2 
5.4357 

16.6649
0.9660
1.0223
1.0152

4.5925
10.8616
11.5017

1.0249
1.0723

1.0589
2.5801

AVG 1.0165 1.0012 1.0376
Note: AVG refers to the three year average of the outcome
ratio for the classic hedger.

The classic hedger would have exceeded his expected 
hedge returns in the L.M.E. aluminum, copper and silver 
markets over the course of the study period. The net three
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would have been 1.016 5 for aluminum, 1.0012 for copper, and 
1.0376 for silver. The figures shown in Table 4.1 support 
the conclusion that their is no correlation between basis 
volatility and the hedge outcome for the classic hedger.
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GLOSSARY OF COMMON 
COMMODITY TERMS

This glossary of selected common commodity terms is
provided as an aid to the reader.
BACKWARDATION : A situation that occurs when the cash

(spot or physical) price of a commodity stands at a 
premium over the price of the same commodity for 
delivery at some future time. A backwardation often 
occurs when there exists an unusually heavy short-term 
demand for the commodity in the face of tightening 
supplies. Backwardations can occur in commodities such 
as aluminum where storage and transportation problems 
make it difficult to bring quickly large quantities of 
the metal to market. The size of a backwardation 
cannot be predicted and has no theoretical upper limit.

BASIS : The relationship of a cash (spot) price to the
price of a particular futures contract. The basis 
widens (narrows) as the cash and futures prices 
fluctuate independently.

BASIS/FIRST (1st) FUTURES RATIO : As developed and
defined this thesis, the change in basis (final less 
initial basis price) over the hedge period divided by 
the initial futures price. This ratio indicates the 
degree of movement in the basis as a proportion of the 
initial futures price.

CARRYING CHARGES : The costs incurred in owning the
physical commodity, usually including interest, 
insurance, and storage charges. Carrying charges may 
also include transportation, grading, assaying, the 
opportunity cost of capital tied up in the commodity, 
and other such charges.

CASH COMMODITY : The actual, or physical commodity, as
distinguished from futures contracts. Cash commodities 
are acquired through spot markets.

CASH (SPOT) MARKET : A market where transactions for the
purchase and sale of a physical commodity are made, 
under terms agreeable to buyers and sellers that are 
legal under the law, and the rules of the exchange on 
which the transaction is conducted. Cash (spot)
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transactions are made for immediate delivery at 
approved locations within one or two days after closing 
of the transaction.

CASH (SPOT) PRICE : A price quotation obtained in a cash
(spot) market.

CLASSIC TRADER : A trader who uses hedging to minimize
and hopefully eliminate the potential financial losses 
associated with adverse price changes. The classic 
trader hedges one hundred percent of his exposed cash 
position and is characterized as a nonrisk taker. The 
initial futures price represents his expected hedge 
price.

COMMISSION : A charge to the client by a broker for the
execution (buying or selling) of a trading contract.

COMMODITY EXCHANGE : The physical location of an
organized contract market where customer orders are 
transmitted for execution on the floor of the exchange 
by open outcry. Potential buyers and sellers make bids 
and offers for contracts covering both immediate 
delivery and delivery in various future months. Orders 
are executed by floor brokers who are members of the 
exchange.

COMMODITY FUTURES EXCHANGE : A meeting place for buyers
and sellers of futures contracts. Its role is to 
provide a facility where trading may be conducted. The 
exchange establishes trading rules, supervises the 
business conducted on the trading floor, and collects 
and disseminates information. A commodity futures 
exchange does not establish prices.

CONTANGO : When there is an adequate supply of a metal,
the cash (spot) price will usually stand at a discount 
to the price that would have to be paid to buy that 
metal for delivery at a future date (i.e., cash price 
lower than forward or future price). Contangos 
typically occur when there is a plentiful supply of the 
metal. The size of the contango will not normally 
exceed the costs of financing, insuring, and storing 
the metal over the future delivery period.

CONTRACT MONTH : The month that a futures contract
matures: the delivery month.

ARTHUR LAKES LIEllKRY 
COLORADO SCHOOL of MINES 
GOLDEN, COLORADO 80401
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CONTRACT PRICE : The price agreed upon by the parties
between whom a futures contract is entered.

EFFECTIVE REALIZED HEDGE PRICE: Defined as the initial
futures price less the difference between the final and 
inital cash price. When the effective ralized hedge 
price is equal to the inital futures price a perfect 
hedge was said to be achieved.

EXPECTED HEDGE PRICE : Applicable to the classic trader
and defined as the initial futures price. This is the 
object price for the classic hedger.

EXPOSURE (NET EXPOSURE): The existence of a risk of gain
or loss due to favorable or unfavorable cash (spot) 
price movements in a commodity in which the investor 
holds a futures contract.

FIRST (1st ) FUTURES RATIO : As developed and defined in
this thesis, the change in the futures price (final 
less initial futures price) over the hedge period 
divided by the initial futures price. This ratio 
indicates the degree of movement in the futures price 
as a proportion of its initial price.

FUNDAMENTAL TRADER : The fundamental trader is a
speculator who invests according to his views of market 
trends in order to realize the greatest trading profit 
possible. Hedging is a tool employed by the 
fundamental ist to limit or define the extent of his 
exposure to price risk. The fundamentalist may or may 
not hedge one hundred percent of his cash position.

FUTURES CONTRACT : An agreement for the purchase or sale
of a specific grade and quantity of a commodity made at 
a given price at some future date made on an organized 
exchange under set rules and regulations. A futures 
contract is a bona fide contract for actual 
merchandise; the futures contract in itself has value 
and as such it can be bought and sold as a negotiable 
instrument. Trading in futures contracts is made 
primarily in an open outcry auction on an organized 
futures exchange, and not by direct placement. Futures 
contracts trade in months ranging up to two years in 
the future, and can be bought and sold at any time up 
to the last trading date specified by the commodity 
exchange on which it is traded.
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FUTURES MARKET : A market in which contracts are traded
to buy or sell a standard amount and grade of a 
commodity in the future at an agreed-upon price.
Futures markets are distinguished from spot markets by 
the fact that standardized contractual agreements are 
bought and sold, and not the actual commodities.
Futures markets are centralized, regulated, freely 
competitive auction markets in which buyers and sellers 
are able to come together to trade contracts calling 
for the future delivery commodities.

HEDGING : The process of buying futures contracts of
approximately equal quantity and value to establish a 
market position opposite one's current or future 
inventory holdings or production of a commodity.
Hedging can provide a means of controlling the price 
risk to which actual or physical holdings of a 
commodity are subject.

LONDON METAL EXCHANGE : Unique among the commodity
futures markets in that trading is conducted on a 
pr incipals-to-pr incipals basis among the thirty Ring 
members. Contracts on the L.M.E. are traded up to 
three months ahead for delivery on any business day 
within that three-month period. Although positions may 
be liquidated prior to the prompt date, both parties 
must wait until the maturity of the contract before the 
price difference may change hands. The L.M.E. operates 
on a virtually around-the-clock basis, with extensive 
inter-office trading taking place before and after the 
actual Ring trading times.

LONG : The holder of a net purchase and hence, the
opposite of a short. A person is "long" if he has 
bought a futures contract to establish a market 
position, and has not yet closed out his position 
through an offsetting sale. A merchant, manufacturer 
or producer is said to be long in a commodity when he 
holds a stock of the commodity which is not covered by 
a present commitment to deliver it or its product at a 
date in the future. For example, if you had no 
position in the aluminum market, and later purchased 
ten contracts on the L.M.E., you would be considered 
"long" in aluminum.

MATURITY DATE : The settlement date or delivery date
agreed upon for a futures contract.
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OUTCOME RATIO : As developed and defined in this thesis,
the effective realized hedge price divided by the 
expected hedge price. This ratio will have a value of 
one when a perfect hedge is realized. It will be less 
than one when the realized hedge profit is less than 
the expected hedge price. Conversely, this ratio is 
greater than one when unanticipated hedge profits are 
made.

PERFECT HEDGE : A hedge is considered to be perfect if
the cash and futures prices move up/down by an equal 
amount and in the same direction over the life of the 
hedge. In this instance, the hedger is provided with 
complete price protection, regardless of the amount of 
price movement. The difference between the cash and 
futures prices, the basis, must remain constant for a 
perfect hedge to occur.

POSITION : The nature of a person's futures market
commitment. For example, one who has bought futures 
contracts is said to have a long position, and 
conversely, a seller of futures is said to have a short 
position.

PRICE RISK : In commodity hedging, the possibility of
receiving a revenue (gain or loss) different from that 
represented by the initial period cash price and basis 
(or futures price).

PROMPT DATE : The date on which a futures contract
becomes due for settlement; always a business day.

SETTLEMENT PRICE : The official closing price of the day
for futures contracts.

SHORT : A person or firm that has sold a futures
contract to establish a market position, and who has 
not yet closed out this position through an offsetting 
purchase is said to be short. A market participant who 
is short is the holder of a net sale. For example, if 
a person had no contract position in a commodity and 
then sold five contracts, the action would be 
considered going short.

SPECULATION : Taking a position in the futures market
without having an offsetting interest in the actual 
commodity.
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SPECULATORS : Persons who assume a long or short position
in a commodity in anticipation of a favorable market 
movement (for the speculator) which would result in a 
net gain when the position is covered. Speculators 
assume price risks from hedgers in return for the 
possibility of earning potential windfall profits. 
Speculators rarely own the cash commodity in which they 
deal, since profit on their futures position is their 
only motivation for entering the market. Speculators 
attempt to anticipate commodity price changes, and 
profit through the sale and purchase, or purchase and 
sale, of commodity futures contracts, or the physical 
commodity.

SEQT MARKET : A market where commodities are bought and
sold on a negotiated basis, and where specific grades 
and quantities of a commodity are available for 
immediate (or forward) delivery.

SPOT PRICE : The cash market price for stocks of a
physical commodity available for immediate delivery.

TECHNICAL TRADER : The technical trader relies on
statistical analysis of past price history in choosing 
the proportion of his cash position to be hedged. The 
technician is a speculator who hedges his cash position 
to the point where the price risk taken on by trading 
futures contracts begins to outweigh the price risk 
that has been hedged away.

TERMINAL MARKET : Synonymous with commodity exchanges and
futures markets in England. Also used to specify a 
principal's market, as opposed to a futures market, 
the L.M.E. is an example of a terminal market.

TRADITIONAL HEDGER: See "CLASSIC TRADER."
TRANSACTION COSTS : The costs associated with the

negotiation of a commodity transaction and its 
subsequent termination through maturation, sale, or 
offset. Transaction costs include commissions, 
margins, interest, and opportunity costs on capital, 
etc .

Sources : The definitions of a good number of the listed
terms were taken from Doppler (19 86), Kaufman (1984) and 
Figlewsk i (19 86 ).
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APPENDIX

L.M.E. Price Data and Sample Calculations
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The following pages present L.M.E. price data and the 
associated hedge outcome and volatility results in 
spreadsheet format. Data is given for aluminum, copper, and 
silver for 1984, 1985, and 1986 . The spreadsheet for each 
metal consists of 20 columns by 36 rows. Each row reports 
the data for a given month of the study period. A brief 
description of the information given by each column, going 
from left to right, follows.

Column 1
Column 1, labeled "YEAR”, gives the price data year. 

Column 2
Column 2, labeled "DATE", gives the date of the price

data .
Column 3

Column 3, labeled "CASH", gives the L.M.E. cash price 
of the reported date for the given metal.
Column 4

Column 4, labeled "3 MONTH", gives the L.M.E. 3 month 
futures price on that date for the discussed metal.
Column 5

Column 5, labeled "BASIS", gives the basis on that date
for the metal. Recall that the basis is the difference
between the futures price (column 4) and the cash price 
(column 3).
Column 6

Column 6, labeled "3 PERIOD CHANGE IN BASIS", gives the 
change in the basis during the hedge period. This value is 
the difference between the period 4 basis and period 1 
basis.
Column 7

Column 7, labeled "EFFECTIVE RECEIVED PRICE", gives the
realized hedge price for the classic trader. This value is
the initial futures price (column 4) less the difference 
between the final and initial cash prices (column 3, period 
4 less the period 1 price).
Column 8

Column 8, labeled "RATIO HEDGE TO 1st Fut", gives the 
"outcome" ratio. Recall that the "outcome" ratio is the 
realized hedge price (column 7) divided by the expected
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hedge price (column 4) for the classic trader.
Column 9

Column 9, labeled ’’RATIO CH BASIS TO 1st Fut", gives 
the "Basis/lst Futures” ratio. Recall that the "Basis/lst 
Futures" ratio is the change in the basis over the hedge 
period (column 6) divided by the expected hedge price 
(column 4) for the classic trader.
Column 10

Column 10, labeled "RATIO CH Fut TO 1st Fut", gives the 
"1st Futures" ratio. Recall that the "1st Futures" ratio is 
the change in the futures price over the hedge period 
(column 4, period 4 less period 1) divided by the expected 
hedge price (column 4, period 1) for the classic trader.
Column 11

Column 11, labeled "COUNTER", gives the month number. 
For example, January 19 85 is the thirteenth month of the 
study period and is referred to as period 13.
Column 12

Column 12, labeled "STD DEV of BASIS - 6 MONTH", gives 
the six month standard deviation, in British pounds per 
futures contract, of the basis during that period. This is 
the square root of the variance of the basis (column 14).
Column 13

Column 13, labeled "STD DEV of BASIS - 12 MONTH", gives 
the 12 month standard deviation, in British pounds per 
futures contract, of the basis during that period. This is 
the square root of the variance of the basis (column 15).
Column 14

Column 14, labeled "VARIANCE of BASIS - 6 MONTH", gives 
the six month variance of the basis during that period. The 
variance is the sum of the squared differences of the basis 
and the mean of the basis for the 6 month period divided by 
the number of observations less 1.
Column 15

Column 15, labeled "VARIANCE of BASIS - 12 MONTH", 
gives the 12 month variance of the basis during that period. 
The variance is the sum of the squared differences of the 
basis and the mean of the basis for the 12 month period 
divided by the number of observations less 1.
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Column 16
Column 16, labeled "AVERAGE BASIS - 6 MONTH", gives the 

mean of the basis during that six month period.
Column 17

Column 17, labeled "AVERAGE BASIS - 12 MONTH", gives
the mean of the basis during that 12 month period.
Column 18

Column 18, labeled "CALC SHEET FOR VARIANCE of BASIS -6 
MONTH", gives the squared difference between the basis 
(column 20) and the mean of the basis (column 16) for the 
corresponding six month period.
Column 19

Column 19, labeled "CALC SHEET FOR VARIANCE of BASIS -
12 MONTH", gives the squared difference between the basis
(column 20) and the mean of the basis (column 17) for the 
corresponding 12 month period.
Column 20

Column 20, labeled "BASIS", gives the value of that 
period's basis. This is the same as column 5.

Outcome Calculations
The outcome calculations and results shown in the 

spreadsheets are a direct application of the derived 
"outcome" formula. The formula is

(Outcome = 1 - (1st Futures + (Basis/lst Futures
Ratio) Ratio) Ratio)

In terms of the presented spreadsheet, the outcome 
formula would be [Column 8 = 1 -  Column 10 + Column 93.
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Standard Deviation Calculations
The following example illustrates a standard deviation 

calculation as a measure of volatility. This is, of course, 
is a measure of the amplitude of the changes.

PERIOD BASIS
BASIS
less
mean

SQUARED
DEVIATIONS

1 25.00 -1.14 1.2996
2 28.00 + 1.86 3.4596
3 24.00 -2.14 4.5796
4 28.00 + 1.86 3 .4596
5 25.00 -1.14 1.2996
6 29.00 + 2 . 86 8.1796
7 24.00 -2.14 4.5796

Mean basis value = 26.14 monetary units
Variance of the basis = 4.4897 monetary units squared
Standard deviation of the basis = 2.1189 monetary units

The volatility of the basis is indicated by the trend 
shown in the standard deviation over times. For the 7 
period time span it is given by the square root of the sum 
of the individual period variances divided by the number of 
period variances used less one ( 7 - 1 = 6  ).
Price Volatility Calculations

The following price volatility example was adapted from 
examples presented during a short course at the Colorado 
School of Mines (Peterson, 1987).

DAY PRICE LN
1 1000.00
2 1010.00 0 . 009950
3 1005.00 -0 .004963
4 1013.00 0 .007929
5 1001.00 -0.011917
6 1004.00 0 .002993
7 997.00 -0.006997
8 992 . 00 -0 .005028
9 990.00 -0 .002018
10 996.00 0.006042
11 1002.00 0.006006

SQUARED DEVIATIONS

000095
000027
000060
000147
000008
000052
000027
000005
000034
000034

Mean value of "LN" 0 .000200
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Where LN is the natural logarithm of the ratio of day 2 
price to day 1 price and VARIANCE is the squared value of 
the difference between the individual LN value and the mean 
LN value for the time period considered.

The annualized price volatility commonly used by 
commodity analysts is given by the following formula.
Price Volatility = [(252(SUM of the daily variances)]**1/2

[number of observations less one ]
Note that the square root operation is applied to the 

entire expression (both upper and lower). The figure 252 
represents the number of trading days in a year and is 
included in order to convert the price volatility from a 
daily to an annual basis. The result from the above 
expression will be a decimal number less than one. This 
result is multiplied by 100 and the resulting price 
volatility figure is reported as a percentage.

The annualized price volatility of the above numerical 
example is 11.7013 %.

The reader should be aware that numerous minor 
variations of the above cited price volatility formula are 
in use today. For example, some commodity trading houses 
use a 250 trading day year (Baker, 1987), or that the number 
of trading days per year may differ for different 
commodities.
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ALUMINUM, virgin ingots, British pounds/metric ton-----

Official L.M.E,
* • » y  —' tr ̂  < * w <

prices: 1984, 1985, and 1986

COLUMN COLUMN COLUMN COLUMN COLUMN COLUMN COLUMN COLUMN COLUMN COLUMN
1 2 d 4 5 6 7 8 9 10

1883 10-17 1060.25 1088.25 28.00
1883 11-15 1022.25 1048.75 26.50 3 PERIOD RATIO RATIO RATIO
1883 12-15 1063.25 1096.25 28.00 CHANGE EFFECTIVE HEDGE CH BASIS CH FUT

IN RECEIVED TO TO TO
YEAR DATE CASH 3 MONTH BASIS BASIS PRICE 1st Fut 1st Fut 1st Fut

1984 1-16 1098.00 1126.75 28.75 0.75 1050.50 0.9653 0.0007 0.0354
1984 2-15 1044.50 1069.25 24.75 -1.75 1026.50 0,9788 -0.0017 0.0195
1984 3-15 999.50 1023.25 23.75 -4.25 1165.00 1.0627 -0.0039 -U .Ubbb
1984 4-16 930.50 950.25 19.75 -9.00 1294.25 1.1487 -0,0080 -y.1566
1984 5-16 898.50 917.25 18.75 -6.00 1215.25 1.1365 -0.0056 -0.1422
1984 6-15 904.25 922.25 18.00 -5.75 1118.50 1.0931 “0.0056 -0.0987
1984 7-16 896.25 921.25 25.00 5.25 984.50 1.0360 0.0055 - 0 .0 3 0 5
1984 8-15 871.50 894.25 22.75 4.00 944.25 1.0294 0.0044 -0.0251
1984 9-17 805.25 823.25 23.00 5.00 1021.25 1.1073 0.0054 -0.1019
1984 10-15 814.00 836.25 22.25 -2.75 1003.50 1.0893 -0.0030 -0.0923
1984 11-15 953.00 978.75 25.75 3.00 812.75 0.9089 0.0034 0.0945
1984 12-17 929.25 949.25 20.00 -3.00 704.25 0.8503 -0.0036 0.1461
1985 1-15 974.75 1004.75 30.00 7.75 675.50 0.8078 0,0093 0.2015
1985 2-15 998.00 1033.00 35.00 9.25 933.75 0.9540 0.0095 0.0554
1985 3-15 1006.25 1042.75 36.50 16.50 872.25 0.9189 0.0174 0,0985
1985 4-15 875.25 895.00 19.75 -10.25 1104.25 1.0990 -0.0102 -0.1092
1985 5-15 885.50 908.75 23.25 -11.75 1145.50 1.1089 -0.0114 - 0 .1 2 0 3
1985 6-17 310.75 832.25 21.50 -15.00 1238.25 1.1875 -0.0144 -0.2019
1985 7-15 722.50 744.25 21.75 2.00 1047.75 1.1707 0.0022 -0.1684
1985 8-15 727.75 750.25 22.50 -0.75 1066.50 1.1736 -0.0008 -0,1744
1985 9-16 732.00 755.25 23.25 1.75 911.00 1.0946 0.0021 -0.0925
1985 10-15 . 685.75 708.25 22.50 0.75 781.00 1.0494 0.0010 -0.0484
1985 11-15 659.25 683.25 24.00 1.50 813.75 1.0913 0.0020 -0.0893
1985 12-16 774.25 799.50 25.25 2.00 713.00 0.9441 0.0026 0.0586
1986 1-15 795.50 822.50 27.00 4.50 598.50 0.8450 0.0064 0.1613
1986 2-17 780.50 806.50 26.00 2.00 562.00 0.8225 0.0029 0.1804
1986 3-17 802.75 822.75 20.00 -5.25 771.00 0.9644 -0.U066 0.0291
1986 4-lb 748.50 760.75 12.25 -14.75 869.50 1.0571 -0.0179 -0.0751
1986 5-15 754.00 746.00 -8.00 -34.00 833.00 1.0329 -0,0422 - 0 .0 7 5 0
1986 6-16 730.50 769.50 -11.00 -31.00 845.00 1.0270 - 0 .U37/ -0.0647
1986 7-15 735.00 751.00 16.00 3.75 774.25 1.0177 0,0049 -0.0128
1986 8-15 746.25 755.25 9.00 17.00 753.75 1.0104 0.0223 0.0124
1986 9-15 328.00 797.50 -30.50 -19.50 722.00 0.9383 -0.0253 0,0364
1986 10-15 817.75 822.25 4.50 -11.50 668.25 0.8898 “ U .0153 0.0949
1986 11-17 795,25 806.00 10.75 1,75 706.25 0.9351 0.0023 0.0672
1986 12-17 790.25 803.50 13.25 43.75 835.25 1,0473 0.0549 0.0075
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ALUMINUM, virgin ingots, British pounds/metric ton 
Official L.M.E. prices: 1984, 1985, and 1986

COLUMN COLUMN COLUMN COLUMN COLUMN COLUMN COLUMN COLUMN COLUMN COLUMN
11 12 13 14 15 16 17 18 19 20

CALC SHEET FOR
STD DEV of VARIANCE of AVERAGE VARIANCE of

BASIS BASIS BASIS BASIS
IOD 6 MONTH 12 MONTH 6 MONTH 12 MONTH 6 MONTH 12 MONTH 6 MONTH 12 MONTH BASIS

1 41.710 36.502 28.75
2 6.043 4.168 24.75
3 2.127 1.085 23.75
4 6.460 8.752 19.75
5 12.543 15.668 18.75
6 4.1786 17.4604 22,29 18.418 22.168 18.00
7 3.516 5.252 25.00
8 0.141 0.002 22.75
9 0.016 0.035 23.00
10 0.766 0.210 22,25
11 6.891 9.252 25.75
12 2.0540 3.1692 4.2138 10.0436 23.13 22.71 9.766 7.335 20.00
13 5.444 20.816 30.00
14 53.778 91.441 35.00
15 78.028 122.379 36.50
16 62.674 32.348 19.75
17 19.507 4.785 23.25
18 7.1758 51.4917 27.67 38.023 15.504 21.50
19 2.127 13.598 21.75
20 0,502 3.629 22.50
21 0.002 4.785 23.25
22 0,502 8.629 22.50
23 0.627 2.066 24.00
24 1.2591 5.4357 1.5854 29.5469 23.21 25.44 4.168 0,035 25.25
25 254.668 382.691 27.00
26 223.752 344.566 26,00
27 80.252 157.816 20.00
28 1.460 23.160 12.25
29 362.585 238.316 -8.00
30 16.7842 281.7104 11.04 485.335 339.941 -11.00
31 148.023 73.316 16.00
32 26.694 2.441 9.00
33 1173.778 1439.254 -30.50
34 0.444 8.629 4.50
35 47,840 10.973 10.75
36 17.2653 16.6649 298.0917 277.7173 3.33 7.44 88.674 33.735 13.25
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COPPER, standard cathode, British pounds/metric ton 
Official L.M.E. prices: 1984, 1985, and 1986

COLUMN COLUMN COLUMN COLUMN COLUMN COLUMN COLUMN COLUMN COLUMN COLUMN
1 2 3 4 5 6 7 8 9 10

1983 10-17 951.50 974.75 23.25
1983 11-15 918.75 942.50 23.75 3 PERIOD RATIO RATIO RATIO
1983 12-15 961.50 987.50 26.00 CHANGE EFFECTIVE HEDGE CH BASIS CH F u t

IN RECEIVED TO TO TO
YEAR DATE CASH 3 MONTH BASIS BASIS PRICE 1st Fut 1st Fut 1st Fut

1984 1-16 942.75 965.50 22.75 -0.50 983.50 1.0090 -0.0005 -0.0095
1984 2-15 983.50 1003.50 20.00 -3.75 877.75 0.9313 -0.0040 0.0647
1984 3-15 1012.00 1027.00 15.00 -11.00 937.00 0.9489 -0.0111 0.0400
1984 4-16 1081.75 1091.00 9.25 -13.50 826.50 0.8560 -0.0140 0.1300
1984 5-16 1022.50 1034.50 12.00 -8.00 964.50 0,9611 -0.0080 0.0309
1984 6-15 985.00 1000.50 15.50 0.50 1054.00 1.0263 0.0005 -0.0258
1984 7-16 1022.50 1037.50 15.00 5.75 1150.25 1.0543 0.0053 -0.0490
1984 8-15 1020.50 1028.00 7.50 -4.50 1036.50 1.0019 -0.0043 -0.0063
1984 9-17 1014.50 1031.00 16.50 1.00 971.00 0,9705 0.0010 0.0305
1984 10-15 1038.75 1058.50 19.75 4.75 1021.25 0.9843 0.0046 0.0202
1984 11-15 1071.75 1091.50 19.75 12.25 976.75 0.9501 0.0119 0.0618
1984 12-17 1120.00 1133.00 13.00 -3.50 925.50 0.8977 -0.0034 0.0989
1985 1-15 1187.00 1199.00 12.00 -7.75 910.25 0.8599 -0,0073 0.1327
1985 2-15 1281.50 1305.00 23.50 3.75 881.75 0.8079 0.0034 0.1956
1985 3-15 1256.50 1273.00 16.50 3.50 996.50 0.8795 0.0031 0.1236
1985 4-15 1198.00 1195.00 -3.00 -15.00 1188.00 0.9908 -0.0125 -0.0033
1985 5-15 1211.00 1206.00 -5.00 -28.50 1375.50 1.0540 -0.0218 -0.0759
1985 6-17 1117.50 1131.00 13.50 -3.00 1412.00 1.1092 -0.0024 -0.1115
1985 7-15 1010.50 1026.00 15.50 18.50 1382.50 1,1569 0.0155 -0.1414
1985 8-15 994.00 1023.50 29.50 34.50 1423.00 1.1799 0.0286 -0.1513
1985 9-16 1004.00 1030.50 26.50 13.00 1244.50 1.1004 0,0115 -0.0839
1985 10-15 949.50 974.50 25.00 9.50 1087.00 1.0595 0.0093 -0.0502
1935 11-15 947.00 969.50 22.50 -7.OO 1070.50 1,0459 -0,0V6b -0.0528
1985 12-16 979.50 994.50 15.00 -11.50 1055.00 1.0238 -0.0112 -0.0349
1986 1-15 984.00 1015.00 31.00 6.00 940.00 0.9646 0.0062 0.0416
1986 2-17 976.00 1008.00 32.00 9,50 940.50 0.9701 0.0098 0.0397
1986 3-17 994.00 1011.00 17,00 2.00 980.00 0,9854 0.0020 O.Ulbb
1986 4-16 957.00 974.00 17.00 -14.00 1042.00 1.0266 -0.0138 -0.0404
1986 5-15 911.00 927.00 16.00 -16.00 1073.00 1.0645 -0.0159 -0.0804
1986 6-16 937.00 935.00 -2.00 -19.00 1068.00 1.0564 -U.0188 -0.0752
1986 7-15 841.00 865.00 24.00 7.00 1090.00 1.1191 0.0072 -0.1119
1986 8-15 858.50 855.00 -3.50 -19.50 979.50 1.0566 -0.0210 -0.0777
1986 9-15 882.50 904.50 22.00 24.00 989.50 1.0583 0,0257 -0. U3"2b
1986 10-15 894.75 919.00 24.25 0.25 811.25 0.9379 0.0003 0.0624
1986 11-17 886.75 911.75 25.00 28.50 826.75 0.9670 0.0333 0,0664
1986 12-17 904.50 932.50 28.00 6.00 882.50 0.9757 0.0066 0.0310



T-3437 62

COPPER, standard cathode, British pounds/metric ton 
Official L.M.E. prices: 1984, 1985, and 1986

MN COLUMN COLUMN COLUMN COLUMN COLUMN COLUMN COLUMN COLUMN COLUMN
11 12 13 14 15 16 17 18 19 20

CALC SHEET FOR
STD DEV of VARIANCE of AVERAGE VARIANCE of

BASIS BASIS BASIS BASIS
PERIOD 6 MONTH 12 MONTH 6 MONTH 12 MONTH 6 MONTH 12 MONTH 6 MONTH 12 MONTH BASIS

1 49.000 52.563 22.75
2 13.063 20.250 20,00
3 0.563 0.250 15,00
4 42.250 39,063 9.25
5 14.063 12.250 12.00
6 4.980 24.800 15.75000 0.063 0.000 15,50
7 0.063 0.250 15.00
8 60.063 64.000 7.50
9 1.563 1.000 16.50
10 20.250 18.063 19.75
11 20.250 13.U63 19.75
12 4.631 4.592 21.450 21.091 15.25000 15.50000 5.063 6.250 13.00
13 5.840 15.663 12.00
14 193.674 56.877 23.50
15 47.840 0.293 16.50
16 158.340 359.418 -3.00
17 212.674 439.252 -5.00
18 11.258 126.742 9.58333 15.340 6.043 13.50
19 46.694 0.210 15.50
20 51,361 133.377 29.50
21 17.361 111.127 26.50
22 7.111 81.752 25.00
23 0.028 42.793 22.50
24 5.939 10.862 35.267 117.975 22.33333 15.95833 53.773 0.918 15.00
25 156.250 138.553 31.00
26 182.250 163.094 32.00
27 2.250 4.969 17.00
28 2.250 4,969 17.00
29 6.250 10.428 16.00
30 12.406 153.900 13.50000 420.250 450,673 -2.00
31 16.335 22.761 24.00
32 550.293 516.615 -3.50
33 4.168 7.678 22.00
34 18.418 25.209 24.25
35 25.413 33.303 25.00
36 11.656 11.502 135.860 132.289 19.95333 19.22917 64,66% 76.928 28,00



T-3437 63

SILVER, British pounds/10,000 troy ounces
Official LUE price: 1334, 1335 

COLUMN COLUMN COLUMN

, and 1986 

COLUMN COLUMN COLUMN COLUMN COLUMN COLUMN COLUMN
1 I 3 4 5 6 7 3 9 10

1383
1333

10-17
11-15

692.50
611.50

708.65
625.35

16.15
13.85 3 PERIOD RATIO RATIO RATIO

1383 12-15 652.75 668.35 15.60 CHANGE EFFECTIVE HEDGE CH BASIS C H Fut

YEAR BATE CASH 3 MONTH BASIS
IN

BASIS
RECEIVED
PRICE

TO 
1st Fut

TO 
1st Fut

TO 
1st Fut

1384 1-16 576.25 589.25 13.00 -3.15 824.90 1.1640 -0,0044 -y.1685
1384 2-15 629.50 643.60 14.10 0.25 607.35 0.9712 0.0004 0.0292
1384 3-15 647.75 662.25 14.50 -1.10 673.35 1.0075 -0,0016 -0.0091
1384 4-16 641.50 655.25 13.75 0.75 524.00 0.8893 0.0013 0.1120
1384 5-16 640.50 654.75 14.25 0.15 632.60 0.9823 0.0002 0.0173
1384 6-15 520.00 634.05 14.05 -0.45 690.00 1.0419 -0.0007 -0.0426
1334 7-16 576.50 532.75 16.25 2.50 720.25 1.0992 0.0033 -0.0954
1384 8-15 602.50 617.75 15.25 1.00 692.75 1.0580 0.0015 -y,0565
1384 3-17 566.75 531.75 15,00 0.95 687.30 1.0840 0.0015 -0.0325
1384 10-15 595.75 611.75 16.00 -0.25 573.50 0.9675 -0.0004 0.0321
1384 11-15 599.50 614.50 15.00 -0.25 620.75 1.0049 -0.0004 -0.0053
1384 12-17 550.25 563.10 12.85 -2.15 598.25 1.0284 -0.0037 -0.0321
1385 1-15 536.50 553.25 16.75 0.75 671.00 1.0969 0.0012 -0.0956
1385 2-15 569.50 588.35 18.85 3.85 644.50 1.0488 0.0063 -0.0426
1385 3-15 526.00 544.50 18.50 5.65 587.35 1.0431 0.0100 -0.0330
1385 4-15 528.50 544.65 16.15 -0.60 561.25 1.0145 -0.0011 -0.0155
1385 5-15 513.75 533.65 14.90 -3.95 639.10 1 «U863 -0.0067 -0,0930
1385 6-17 488.50 503.75 15.25 -3.25 582.00 1.0689 -O.üüBü -0.0748
1385 7-17 436.50 449.75 13.25 -2.90 636.65 1.1689 -0.0053 -0.1742
1385 8-15 454.00 465.75 11.75 -3.15 598.40 1.1213 -0.0059 -0.1272
1385 3-16 450.00 462.00 12.00 -3.25 542.25 1.0764 -0.0065 -0,0829
1385 10-15 442.50 454.75 12.25 -1.00 443.75 0.9867 -0.0022 0.0111
1385 11-15 427.10 440.25 13.15 1.40 492.65 1.0573 0.0030 -0.0548
1385 12-16 404.50 416.25 11.75 -0.25 507.50 1.0985 -0.0005 -0.0990
1386 1-15 423.50 437.25 13.75 1.50 473.75 1.0418 0.0033 -0.0385
1386 2-17 412.75 424.25 11.50 -1.65 454.60 1.0326 -0.0037 -0.0363
1386 3-17 386.00 397.75 11.75 0.00 434.75 1.0444 0.0000 -0.0444
1386 4-16 356.40 365.90 9.50 -4.25 504.35 1.1535 -0.0097 -0.1632
1386 5-15 326.50 334.75 8.25 -3.25 510.50 1.2033 -0.0077 -0.2110
1386 6-16 335.50 343.50 8.00 -3.75 448,25 1.1270 -0.0094 -0.1364
1386 7-15 334.50 337.50 3.00 -6.50 337.80 1.0599 -0.0178 -0.0776
1386 8-15 354.75 363.25 8.50 0.25 306.50 0.9156 0.0007 0.0851
1336 3-15 387.50 396.10 8.60 0.60 291.50 0.8486 0.0017 0,1531
1386 10-15 383.25 333.75 10.50 7.50 288.75 0.8556 0.0222 0.1667
1386 11-17 400.00 410.25 10.25 1.75 313.00 0.8754 0.0048 0.1294
1986 12-17 375.50 386.00 10.50 1.30 408.10 1.0303 0.0048 -0.0255



T-3437 64

SILVER, British pounds/10,000 troy ounces 
Official LME price: 1984, 198 1985, and 1986

COLUMN COLUMN COLUMN COLUMN COLUMN COLUMN COLUMN COLUMN COLUMN COLUMN
11 12 13 14 15 16 17 18 19 20

CALC SHEET FOR
STD DEV of VARIANCE of AVERAGE VARIANCE of

BASIS BASIS BASIS BASIS
IOD 6 MONTH 12 MONTH 6 MONTH 12 MONTH 6 MONTH 12 MONTH 6 MONTH 12 MONTH BASIS

1 0.887 2.250 13.00
2 0.025 0.160 14.10
3 0.312 0.000 14.50
4 0.037 0.563 13,75
5 0.095 0.063 14.25
6 0.52 0.273 13.94 0.012 0.203 14.05
7 1.420 3.063 16.25
8 0.037 0.563 15.25
9 0.003 0.250 15.00
10 0.887 2.250 16.00
11 0.003 0.250 15.00
12 1.20 1.06 1.445 1.121 15.06 14.50 4.877 2.722 12.85
13 0.000 4.858 16.75
14 4.480 18.526 18.35
15 3.121 15.635 18.50
16 0.340 2.573 16.15
17 3.361 0.125 14.90
18 1.64 2.701 16.73 2.200 0.496 15.25
19 0.795 1.679 13.25
20 0.370 7.817 11.75
21 0.128 6.481 12.00
22 0.012 5.271 12.25
23 0.627 1.948 13.15
24 0.68 2.58 0.460 6.657 12.36 14.55 0.370 7.817 11.75
25 10.835 17.992 13.75
26 1.085 3.967 11.50
27 1.668 5.025 11.75
28 0.918 0.000 9.50
29 4.877 1.583 8.25
30 2.26 5.085 10.46 6.043 2.275 8.00
31 30.895 42.358 3.00
32 0,003 1.017 8.50
33 0.002 0.825 8.60
34 3.770 0.983 10.50
35 2.862 0.550 10.25
36 2.87 2.66 8.260 7.051 8.56 9.51 3.770 0.983 10.50


