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INTRODUCTION 
Money market futures are futures contracts based 

on short-term interest rates. Futures contracts for 
financial instruments are a relatively recent innova- 
tion. Although futures markets have existed over 100 
years in the United States, futures trading was limited 
to contracts for agricultural and other commodities 
before 1972. The introduction of foreign currency 
futures that year by the newly formed International 
Monetary Market (IMM) division of the Chicago 
Mercantile Exchange (CME) marked the advent of 
trading in financial futures. Three years later the first 
futures contract based on interest rates, a contract 
for the future delivery of mortgage certificates issued 
by the Government National Mortgage Association 
(GNMA), began trading on the floor of the Chicago 
Board of Trade (CBT). A host of new financial futures 
have appeared since then, ranging from contracts on 
money market instruments to stock index futures. 
Today, financial futures rank among the most actively 
traded of all futures contracts. 

Four different futures contracts based on money 
market interest rates are actively traded at present. 
To date, the IMM has been the site of the most 
active trading in money market futures. The three- 
month U.S. Treasury bill contract, introduced by the 
IMM in 1976, was the first futures contract based 
on short-term interest rates. Three-month Eurodollar 
time deposit futures, now one of the most actively 
traded of all futures contracts, started trading in 198 1. 
More recently, both the CBT and the IMM intro- 
duced futures contracts based on one-month interest 
rates. The CBT listed its 30-day interest rate futures 
contract in 1989, while the Chicago Mercantile 
Exchange introduced a one-month LIBOR futures 
contract in 1990. 

This article provides an introduction to money 
market futures. It begins with a general description 
of the organization of futures markets. The next 
section describes currently traded money market 
futures contracts in some detail. A discussion of the 
relationship between futures prices and underlying 

* This paper has benefited from helpful comments by Timothy 
Cook, Ira Kawaller, Jeffrey Lacker, and Robert LaRoche. 

spot market prices follows. The concluding section 
examines the economic function of futures markets. 

Futures Contracts 

Futures contracts traditionally have been charac- 
terized as exchange-traded, standardized agreements 
to buy or sell some underlying item on a specified 
future date. For example, the buyer of a Treasury 
bill futures contract-who is said to take on a “long” 
futures position-commits to purchase a 13-week 
Treasury bill with a face value of $1 million on some 
specified future date at a price negotiated at the time 
of the futures transaction; the seller-who is said to 
take on a “short” position-agrees to deliver the 
specified bill in accordance with the terms of the con- 
tract. In contrast, a “cash” or “spot” market trans- 
action simultaneously prices and transfers physical 
ownership of the item being sold. 

The advent of cash-settled futures contracts such 
as Eurodollar futures has rendered this traditional 
definition overly restrictive, however, because actual 
delivery never takes place with cash-settled contracts. 
Instead, the buyer and seller exchange payments 
based on changes in the price of a specified under- 
lying item or the returns to an underlying security. 
For example, parties to an IMM Eurodollar contract 
exchange payments based on changes in market 
interest rates for three-month Eurodollar deposits- 
the underlying deposits are neither “bought” nor 
“sold” on the contract maturity date. A more general 
definition of a futures contract, therefore, is a 
standardized, transferable agreement that provides 
for the exchange of cash flows based on changes in 
the market price of some commodity or returns to 
a specified security. 

Futures contracts trade on organized exchanges 
that determine standardized specifications for traded 
contracts. All futures contracts for a given item specify 
the same delivery requirements and one of a limited 
number of designated contract maturity dates, called 
settlement dates. Each futures exchange has an 
affiliated clearinghouse that records all transactions 
and ensures that all buy and sell trades match. The 
clearing organization also assures the financial 
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integrity of contracts traded on the exchange by 
guaranteeing contract performance and supervising 
the process of delivery for contracts held to ma- 
turity. A futures clearinghouse guarantees contract 
performance by interposing itself between a buyer 
and seller, assuming the role of counterparty to the 
contract for both parties. As a result, the original 
parties to the contract need never deal with one 
another again-their contractual obligations are with 
the clearinghouse. 

Contract standardization and the clearinghouse 
guarantee facilitate trading in futures contracts. 
Contract standardization reduces transactions costs, 
since it obviates the need to negotiate all the terms 
of a contract with every transaction-the only item 
negotiated at the time of a futures transaction is the 
futures price. The clearinghouse guarantee relieves 
traders of the risk that the other party to the con- 
tract will fail to honor contractual commitments. 
These two characteristics make all contracts for the 
same item and maturity date perfect substitutes for 
one another. Consequently, a party to a futures con- 
tract can always liquidate a futures commitment, or 
open position, before maturity through an offsetting 
transaction. For example, a long position in Treasury 
bill futures can be liquidated by selling a contract for 
the same maturity date. The clearinghouse assumes 
responsibility for collecting funds from traders who 
close out their positions at a loss and passes those 
funds along to traders with opposing futures positions 
who liquidate their positions at a profit. Once any 
gains or losses are settled, the offsetting sale cancels 
the commitment created through the earlier purchase 
of the contract. Most futures contracts are liquidated 
in this manner before they mature. In recent years 
less than 1 percent of all futures contracts have been 
held to maturity, although delivery is more common 
in some markets.’ 

Forward agreements resemble futures contracts 
in that they specify the terms of a transaction to be 
undertaken at some future date. For this reason, the 
terms “forward agreement” and “futures contract” 
are often used synonymously. There are important 
differences between the two, however. Whereas 
futures contracts are standardized agreements, for- 
ward agreements tend to be custom-tailored to the 
needs of users. While a good deal of contract stan- 
dardization exists in forward markets, items such as 
delivery dates, deliverable grades, and amounts can 
all be negotiated separately with each contract. 

I Based on data from the AnnualReport 1991 of the Commodity 
Futures Trading Commission. 

Moreover, forward contracts are not traded on 
organized exchanges as are futures contracts and 
carry no independent clearinghouse guarantee. As a 
result, a party to a forward contract faces the risk 
of nonperformance by the other party. For this 
reason, forward contracting generally takes place 
among parties that have some knowledge of each 
other’s creditworthiness. Unlike futures contracts, 
which can be bought or sold at any time before 
maturity to liquidate an open futures position, for- 
ward agreements, as a general rule, are not 
transferable and so cannot be sold to a third party. 
Consequently, most forward contracts are held to 
maturity. 

Futures Exchanges 

In addition to providing a physical facility where 
trading takes place, a futures exchange determines 
the specifications of traded contracts and regulates 
trading practices. There are 13 futures exchanges in 
the United States at present. The principal exchanges 
are in Chicago and New York. 

Each futures exchange is a corporate entity 
owned by its members. The right to conduct trans- 
actions on the floor of a futures exchange is limited 
to exchange members, although trading privileges can 
be leased to nonmembers. Members have voting 
rights that give them a voice in the management of 
the exchange. Memberships, or “seats,” can be 
bought and sold: futures exchanges routinely make 
public the most recent selling and current offer price 
for a seat on the exchange. 

Trading takes place in designated areas, known as 
“pits,” on the floor of the futures exchange through 
a system of open outcry in which traders announce 
bids to buy and offers to sell contracts. Traders on 
the floor of the exchange can be grouped into two 
broad categories: floor brokers and floor traders. 
Floor brokers, also known as commission brokers, 
execute orders for off-exchange customers and other 
members. Some floor brokers are employees of 
commission firms, known as Futures Commission 
Merchants, while others are independent operators 
who contract to execute trades for brokerage firms. 
Floor traders are independent operators who engage 
in speculative trades for their own account. Floor 
traders can be grouped into different classifications 
according to their trading strategies. “Scalpers,” for 
example, are floor traders who perform the function 
of marketmakers in futures exchanges. They supply 
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liquidity to futures markets by standing ready to buy 
or sell in an attempt to profit from small temporary 
price movements.2 

Futures Commission Merchants 

A Futures Commission Merchant (FCM) handles 
orders to buy or sell futures contracts from off- 
exchange customers. All FCMs must be licensed by 
the Commodity Futures Trading Commission 
(CFTC), which is the government agency respon- 
sible for regulating futures markets. An FCM can be 
a person or a firm. Some FCMs are exchange 
members employing their own floor brokers. FCMs 
that are not exchange members must make arrange- 
ments with a member to execute customer orders 
on their behalf. 

Role of the Exchange Clearinghouse 

As noted earlier, each futures exchange has an 
affiliated exchange clearinghouse whose purpose is 
to match and record all trades and to guarantee con- 
tract performance. In most cases the exchange 
clearinghouse is an independently incorporated 
organization, but it can also be a department of the 
exchange. The Board of Trade Clearing Corporation, 
the CBT’s clearinghouse, is a separate corporation 
affiliated with the exchange, while the CME Clear- 
ing House Division is a department of the exchange. 

Clearing member firms act as intermediaries be- 
tween traders on the floor of the exchange and the 
clearinghouse. They assist in recording transactions 
and assume responsibility for contract performance 
on the part of floor traders and commission merchants 
who are their customers. Although clearing member 
firms are all members of the exchange, not all ex- 
change members are clearing members. All trans- 
actions taking place on the floor of the exchange must 
be settled through a clearing member. Brokers or 
floor traders not directly affiliated with a clearing 
member must make arrangements with one to act 
as a designated clearing agent. The clearinghouse 
requires each clearing member firm to guarantee 
contract performance for all of its customers. If a 
clearing member’s customer defaults on an outstand- 
ing futures commitment, the clearinghouse holds the 
clearing member responsible for any resulting losses. 

2 A good description of trading strategies employed by different 
floor traders can be found in Hieronymus (1971). In addition, 
detailed descriptions of different trading strategies can also be 
found in almost any good textbook on futures markets such as 
Chance (1989), Merrick (1990), or Siegel and Siegel (1990). 
Silber (1984) presents a comprehensive analysis of scalper trading 
behavior. 

Margin Requirements 

Margin deposits on futures contracts are often 
mistakenly compared to stock margins. Despite the 
similarity in terminology, however, futures margins 
differ fundamentally from stock margins. Stock 
margin refers to a down payment on the purchase 
of an equity security on credit, and so represents 
funds surrendered to gain physical possession of a 
security. In contrast, a margin deposit on a futures 
contract is a performance bond posted to ensure that 
traders honor their contractual obligations, and not 
a down payment on a credit transaction. The value 
of a futures contract is zero to both the buyer and 
the seller at the time it is negotiated, so a futures 
transaction involves no exchange of money at the 
outset. 

The practice of collecting margin deposits dates 
back to the early days of trading in time contracts, 
as the precursors of futures contracts were then 
called. Before the institution of margin requirements, 
traders adversely affected by price movements fre- 
quently defaulted on their contractual obligations, 
often simply disappearing as the delivery date on their 
contracts drew near. In response to these events, 
futures exchanges instituted a system of margin 
requirements, and also began requiring traders to 
recognize any gains or losses on their outstanding 
futures commitments at the end of each trading 
session through a daily settlement procedure known 
as “marking to market.” 

Before being permitted to undertake a futures 
transaction, a buyer or seller must first post margin 
with a broker, who, in turn, must post margin with 
a clearing agent. Margin may be posted either by 
depositing cash with a broker or, in the case of large 
institutional traders, by pledging collateral in the form 
of marketable securities (typically, Treasury securi- 
ties) or by presenting a letter of credit issued by a 
bank. Brokers sometimes pay interest on funds 
deposited in a margin account. 

As noted above, clearing member firms ulti- 
mately are liable to the clearinghouse for any losses 
incurred by their customers. To assure the financial 
integrity of the settlement process, clearing member 
firms must themselves meet margin requirements in 
addition to meeting minimum capital requirements 
set by the exchange clearinghouse. 

Daily Settlement 

The practice of marking futures contracts to market 
requires all buyers and sellers to realize any gains or 
losses in the value of their futures positions at the 
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end of each trading session, just as if every position 
were liquidated at the closing price. The exchange 
clearinghouse collects payments, called variation 
margin, from all traders incurring a loss and transfers 
the proceeds to those traders whose futures positions 
have increased in value during the latest trading 
session. If a trader has deposited cash in a margin 
account, his broker simply subtracts his losses from 
the account and transfers the variation margin to the 
clearinghouse, which, in turn, transfers the funds to 
the account of a trader with a ‘short position in the 
contract. Most brokers require their customers to 
maintain minimum balances in their margin accounts 
in excess of exchange requirements. If a trader’s 
margin account falls below a specified minimum, 
called the maintenance margin, he faces a margin call 
requiring the deposit of additional margin money. In 
cases where collateral has been posted in the form 
of securities rather than in cash, the trader must pay 
the variation margin in cash. Should a trader fail to 
meet a margin call, his broker has the right to 
liquidate his position. The trader remains liable for 
any resulting. losses. 

Marking a futures contract to market has the 
effect of renegotiating the futures price at the end 
of each trading session. Once the contract is 
marked to market, the trader begins the next trading 
session with a commitment to purchase the under- 
lying item at the previous day’s closing price. The 
exchange clearinghouse then calculates any gains or 
losses for the next trading session on the basis of this 
latter price. 

The following example involving the purchase of 
a Treasury bill futures contract illustrates the 
mechanics of the daily settlement procedure. 
Treasury bill futures prices are quoted as a price 
index determined by subtracting the futures discount 
yield (stated in percentage points) from 100. A 1 basis 
point change in the price of the Treasury bill con- 
tract is valued at $2.5.3 Thus, if a trader buys a 
futures contract at a price of 96.25 and the closing 
price at the end of the trading session falls to 96.20, 
he must pay $125 (5 basis points x $2.5 per basis 
point) in variation margin. Conversely, the seller in 
this transaction would earn $125, which would be 
deposited to his margin account. The buyer would 
then begin the next trading session with a commit- 
ment to buy the underlying Treasury bill at 96.20, 
and any gains or losses sustained over the course of 
the next trading session would be based on that price. 

3 Price quotation and contiact specifications for Treasury bill 
futures are discussed in more detail in the next section. 

Final Settlement 

Because buying a futures contract about to mature 
is equivalent to buying the underlying item in the 
spot market, futures prices converge to the underlying 
spot market price on the last day of trading. This 
phenomenon is known as “convergence.” At the end 
of a contract’s last trading session, it is marked to 
market one final time. In the case of a cash-settled 
contract, this final daily settlement retires all out- 
standing contractual commitments and any remain- 
ing margin money is returned to the traders. If the 
contract specifies delivery of the underlying item, the 
clearinghouse subsequently makes arrangements for 
delivery among all traders with outstanding ‘futures 
positions. The delivery, or invoice price, is based 
on the closing price of the last day of trading. Any 
profit or loss resulting from the difference between 
the initial futures price and the final settlement price 
is realized through the transfer of variation margin. 
The gross return on the futures position is reflected 
in accumulated total margin payments, which must 
equal the difference between the final settlement 
price and the futures price determined at the time 
the futures commitment was entered into. 

Regulation of Futures Markets 

The Commodity Futures Trading Commission is 
an independent federal regulatory agency estab- 
lished in 1974 to enforce federal laws governing the 
operation of futures exchanges and futures commis- 
sion brokers. By law, the CFTC is charged with the 
responsibility to ensure that futures trading serves 
a valuable economic purpose and to protect the in- 
terests of users of futures contracts. The CFTC must 
approve all futures contracts before they can be listed 
for trading by the futures exchanges. It also enforces 
laws and regulations prohibiting unfair and abusive 
trading and sales practices. 

The futures industry attempts to regulate itself 
through a private self-regulatory organization called 
the National Futures Association, which was 
formed in 1982 to establish and help enforce 
standards of professional conduct. This organization 
operates in cooperation with the CFTC to protect 
the interests of futures traders as well as those of the 
industry. As noted earlier, the futures exchanges 
themselves can be viewed as private regulatory bodies 
organized to set and enforce rules to facilitate the 
trading of futures contracts. 
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CONTRACT SPECIFICATIONS FOR 
MONEYMARKETFWTURES 

Treasury Bill Futures 

The Chicago Mercantile Exchange lists 13-week 
Treasury bill futures contracts for delivery during the 
months of March, June, September, and December. 
Contracts for eight future delivery dates are listed 
at any one time, making the furthest delivery date 
for a new contract 24 months. A new contract begins 
trading after each delivery date. 

&live y Rec#rements The Treasury bill contract 
requires the seller to deliver a U.S. Treasury bill with 
a $1 million face value and 13 weeks to maturity. 
Delivery dates for T-bill futures always fall on the 
three successive business days beginning with the 
first day of the contract month on which (1) the 
Treasury issues new 13-week bills and (2) previ- 
ously issued 52-week bills have 13 weeks left to 
maturity.4 This schedule makes it possible to satisfy 
delivery requirements for a T-bill futures contract 
with either a newly issued 13-week bill or an original- 
issue 26- or 52-week bill with 13 weeks left to ma- 
turity. Deliverable bills can have 90, 91, or 92 days 
to maturity, depending on holidays and other special 
circumstances. The last day of trading in a Treasury 
bill futures contract falls on the day before the final 
settlement date. 

Price Quotation Treasury bills are discount instru- 
ments that pay no explicit interest. Instead, the 
interest earned on a Treasury bill is derived from the 
fact that the bill is purchased at a discount relative 
to its face or redemption value. Treasury bill yields 
are quoted on a discount basis-that is, as a per- 
centage of the face value of the bill rather than as 
a percentage of actual funds invested. Let S denote 
the current spot market price of a bill with a face 
value of $1 million. Then, the discount yield is 
calculated as 

Yiefd = [(l,OOO,OOO -S)/1,000,000](360/D& 

where Day.r refers to the maturity of the bill. As 
with other money market rates, calculation of the 
discount yield on Treasury bills assumes a 360-day 
year. 

4 The Treasury auctions 13- and 26-week bills each Monday 
(except for holidays and special situations) and issues them on 
the followine Thursdav: X-week bills are auctioned everv four 
weeks. Auczons for o&-year bills are held on a Thursdai and 
the bills are issued on the following Thursday. 

Treasury bill futures prices are quoted as an 
index determined by subtracting the discount yield 
of the deliverable bill (expressed as a percentage) 
from 100: 

Index = 100 -Futures Discount Yield. 

Thus, a quoted index value of 95.25 implies a 
futures discount yield for the deliverable bill of 
100 -95.25 = 4.75 percent. This convention was 
adopted so that quoted prices would vary directly 
with changes in the future delivery price of the bill. 

Final Settlement Price The final settlement price, 
also known as the delivery price or invoice cost of 
a bill, can be expressed as a function of the quoted 
futures index price using the formulas given above. 
For a bill with a face value of $1 million, the resulting 
expression is 

s = !$1,000,000 
- $1,000,000(100-Zndex)(O.Ol)(Days/360), 

where (loo-Index)(O.Ol) is just the annualized 
futures discount yield expressed as a decimal. The 
CME determines the days to maturity used in this 
formula by counting from the first scheduled con- 
tract delivery date, regardless of when actual delivery 
takes place.‘This means that calculation of the in- 
voice cost is based on an assumed 9 l-day maturity, 
except in special cases where holidays interrupt the 
regular Treasury bill auction and delivery schedules. 

To illustrate, suppose that the final index price of 
a traded contract is 95.25 and the deliverable bill has 
9 1 days to maturity as of the first scheduled delivery 
date. Then, the final delivery price would be 

$987,993.06 = $l,OOO,OOO 
- $1,000,000(0.0475)(91/360). 

Minimum Price Fluctuation The minimum price 
fluctuation permitted on the trading floor is 1 basis 
point, or 0.01 percent. Thus, the price of a Treasury 
bill futures contract may be quoted as 95.25 or 95.26, 
but not 95.255. The exchange values a 1 basis point 
change in the futures price at $25. Note that this 
valuation assumes a 90-day maturity for the deliver- 
able bill. 

Three-Month Eurodollar 
Time Deposit Futures 

Three-month Eurodollar futures are traded actively 
on three exchanges at present. The IMM was first 
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to list a three-month Eurodollar time deposit futures 
contract in December of 1981. Futures exchanges 
in London and Singapore soon followed suit by listing 
similar contracts. The London International Finan- 
cial Futures Exchange (LIFFE) introduced its three- 
month Eurodollar contract in September of 1982, 
while the Singapore International Monetary Exchange 
(SIMEX) introduced a contract identical to the IMM 
contract in 1984. A special arrangement between the 
IMM and SIMEX allows for mutual offset of 
Eurodollar positions initiated on either exchange. 
Thus, a trader who buys a Eurodollar futures con- 
tract at the IMM can undertake an offsetting sale on 
SIMEX after the close of trading at the lMM.5 
The Tokyo International Financial Futures Exchange 
began listing a three-month Eurodollar contract in 
1989, but that contract is not traded actively at pre- 
sent. The IMM contract remains the most actively 
traded of the different Eurodollar contracts by a wide 
margin. 

The IMM Eurodollar contract is the first futures 
contract traded in the United States to rely exclu- 
sively on a cash settlement procedure. Contract 
settlement is based on a “notional” principal amount 
of $1 million, which is used to determine the change 
in the total interest payable on a hypothetical under- 
lying time deposit. The notional principal amount 
itself is never actually paid or received. 

Expiration months for listed contracts are March, 
June, September, and December. A maximum of 20 
contracts are listed at any one time, making the 
furthest available delivery date 60 months in the 
future. 

Contract Settlement When a futures contract con- 
tains provisions for physical delivery, market forces 
cause the futures price to converge to the spot market 
price as the delivery date draws near. Actual delivery 
of the underlying item never takes place with a cash- 
settled futures contract, however. Instead, the futures 
exchange forces the process of convergence to take 
place by setting the final settlement price equal to 
the spot market price prevailing at the end of the 
last day of trading. Final settlement is achieved by 
marking the contract to market one last time based 
on the final settlement price determined by the 
exchange. 

Price Quotation Eurodollar time deposits pay a 
fixed rate of interest upon maturity. The rate of 

5 See Burghardt et al. (1991) for a more detailed discussion of 
the LIFFE and SIMEX contracts. 

interest paid on the face amount of such a deposit 
is termed an add-on yield because the depositor 
receives the face amount of the deposit plus an 
explicit interest payment when the deposit matures. 
Like other money market rates, the add-on yield for 
Eurodollar deposits is expressed as an annualized rate 
based on a 360-day year. Eurodollar futures prices 
are quoted as an index determined by subtracting the 
futures add-on yield from 100. 

Final Settlement Price Contract settlement is based 
on the 90-day London Interbank Offered Rate 
(LIBOR), which is the interest rate at which major 
international banks with offices in London offer to 
place Eurodollar deposits with one another. To deter- 
mine the final settlement price for its Eurodollar 
futures contract, the CME clearinghouse randomly 
polls a sample of banks active in the London 
Eurodollar market at two different times during the 
last day of trading: once at a randomly selected time 
during the last 90 minutes of trading, and once at 
the close of trading. The four highest and lowest price 
quotes from each polling are dropped and the remain- 
ing quotes are averaged to arrive at the LIBOR 
used for final settlement. 

To illustrate the settlement procedure, suppose 
that the closing price of a Eurodollar futures contract 
is 96.10 on the day before the last trading day. As 
with Treasury bill futures, each 1 basis point change 
in the price of a Eurodollar futures contract is valued 
at $25. Thus, if the official final settlement price is 
96.16, then all traders who carry open long positions 
from the previous day have $150 ($25 per basis point 
x 6 basis points) credited to their margin accounts 
while traders with open short positions from the 
previous day have $150 subtracted from their ac- 
counts. Since the contract is cash settled, traders with 
open positions when the contract matures never bear 
the responsibility of placing or accepting actual 
deposits. 

Minimum Price Fluctuation The minimum price 
fluctuation permitted on the floor of the exchange 
is 1 basis point, which, as noted above, is valued at 
$25. 

One-Month LIBOR Futures 

One-month LIBOR futures began trading on the 
IMM in 1990. The one-month LIBOR contract 
resembles the three-month Eurodollar contract 
described above, except that final settlement is 
based on the 30-day LIBOR. 
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Table 1 

Three-Month Interest Rate Futures: Contract Specifications 

Contract Three-Month Treasury Bill Three-Month Eurodollar Time Deposit 

Exchange International Monetary Market Division 
of the Chicago Mercantile Exchange 

Contract Size $1,000,000 

Delivery Requirements U.S. Treasury bills with 13 weeks 
to maturity 

Delivery Months 

Price Quotation 

March, June, September, December 

Index: 100 minus discount yield 

Minimum Price Fluctuation $25 per basis point 

Last Day of Trading 

Delivery Days 

Contract 

Exchange 

Contract Size 

Delivery Requirements 

Delivery Months 

Price Quotation 

International Monetary Market Division 
of the Chicago Mercantile Exchange 

$1,000,000 

Cash settlement with clearing 
corporation 

March, June, September, December 

Index: 100 minus add-on yield 

$25 per basis point 

One day before first delivery date Second London business day before 
the third Wednesday of the delivery 
month 

Three successive business days 
beginning with the first day of the 
contract month on which a 13-week 
bill is issued and an original-issue 
one-year bill has 13 weeks left to 
maturity 

Last day of trading 

One-Month Interest Rate 

Table 2 

Futures: Contract Specifications 

One-Month LIBOR Thirty-Day Interest Rate 

International Monetary Market Division 
of the Chicago Mercantile Exchange 

$3,000,000 

Cash settlement 

First five consecutive months starting 
with current month 

Index: 100 minus the LIBOR for 
one-month Eurodollar time deposits 

Minimum Price Fluctuation 

Last Day of Trading 

$25 per basis point 

The second London bank business day 
immediately preceding the third 
Wednesday of the contract month 

Delivery Days Last day of trading 
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Chicago Board of Trade 

$5,000,000 

Cash settlement 

First seven calendar months and the 
next two months in the March, June, 
September, December trading cycle 
following the spot month 

Index: 100 minus the monthly average 
federal funds rate 

$41.67 per basis point 

The last business day of the delivery 
month 

Last day of trading 

25 



Contract Settlement Like the three-month Euro- 
dollar contract, the one-month LIBOR contract is 
cash settled. Settlement is based on a notional 
principal amount of $3 million. 

Price Quotation and Minimum Price Fluctuation 
Prices on one-month LIBOR futures are quoted as 
an index virtually identical to that used for three- 
month Eurodollar futures. The index is calculated 
by subtracting the 30-day futures LIBOR from 100. 
The minimum price increment is 1 basis point, which 
is valued at $25. 

Final Settlement Price As with the three-month 
Eurodollar contract, the final settlement price for one- 
month LIBOR contract is based on the results of a 
survey of primary market participants in the London 
Eurodollar market. 

Thirty-Day Interest Rate Futures 

The Chicago Board of Trade’s 30-day interest rate 
futures contract is a cash-settled contract based on 
a 30-day average of the daily federal funds rate. The 
CBT lists contracts for six consecutive delivery 
months at any one time. 

Contract Settlement The 30-day interest rate 
futures contract differs from other interest rate futures 
in that the settlement price is based on an average 
of past interest rates. Final settlement is based on 
an arithmetic average of the daily federal funds rate 
for the 30-day period immediately preceding the con- 
tract maturity date, as reported by the Federal 
Reserve Bank of New York. The notional principal 
amount of the contract is $5 million. 

Price Quotation As with all other money market 
futures, prices for 30-day interest rate futures are 
quoted as an index equal to 100 minus the futures 
rate. For deferred month contracts-that is, contracts 
maturing after the current month’s settlement date- 
the futures rate corresponds approximately to a for- 
ward interest rate on one-month term federal funds. 

In theory, the futures rate for the nearby contract 
should reflect a weighted average of (1) the average 
funds rate for the expired fraction of the current 
month, plus (2) the term federal funds rate for the 
unexpired fraction of the month. To illustrate, 
suppose the date is April 21. Twenty days of the 
month have passed, so the index value for the April 
contract would reflect 

100 -Index = (20/3O)(awmage of the daily federal 
finds rate for the previoz~s 20 days) 

+ (10/3O)(ter~n federalbnds rate fbr 
10 days beginning April 2 1). 

At the same time, the price of the May contract 
would correspond approximately to the forward rate 
on a 30-day term federal funds deposit beginning 
May 1. The correspondence to the 30-day rate is 
only approximate, however, because the settlement 
price for the contract is based on a simple arith- 
metic average, which does not incorporate daily 
compounding. 

Minimum Price Fluctuation The minimum price 
fluctuation is 1 basis point, valued at $41.67. 

Trading Activity in Money Market Futures 

Charts 1 and 2 display a history of trading ac- 
tivity in the four money market futures contracts 
discussed above. Chart 1 displays total annual trading 
volume, which is a count of the total number of con- 
tracts (not the dollar value) traded for all delivery 
months. Each transaction between a buyer and a 
seller counts as a single trade. Chart 2 plots total 
month-end open interest for all contract delivery 
months. Month-end open interest is a count of the 
number of unsettled contracts as of the end of the 
last trading day of each month. Each contract in- 
cluded in the open interest count reflects an out- 
standing futures commitment on the part of both a 
buyer and a seller. 

Trading activity in the Treasury bill futures con- 
tract grew steadily from the time the contract was 
first listed in 1976 through 1982, falling thereafter 
below 20,000 contracts per day on average. The 
trading history depicted in Charts 1 and 2 suggests 
that the introduction of the Eurodollars futures con- 
tract attracted some trading activity away from 
Treasury bill futures. 

In recent years, the IMM Eurodollar futures con- 
tract has become the most actively traded futures 
contract based on money market rates and is now 
one of the most actively traded of all futures con- 
tracts. Three factors have contributed to the popu- 
larity of Eurodollar futures. First, most major inter- 
national banks rely heavily on the Eurodollar market 
for short-term funds and act as marketmakers in 
Eurodollar deposits. Eurodollar futures provide a 
means of hedging interest rate risk arising from these 
activities. Second, the phenomenal growth of the 
market for interest rate swaps during the last decade 
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has contributed to the growth of trading in Eurodollar 
futures.6 Most interest rate swap contracts specify 
payments contingent on three- or six-month LIBOR. 
Swap market dealers sometimes use Eurodollar 
futures to hedge their positions in interest rate swaps. 
Evidence of the widespread use of Eurodollar futures 
to hedge swap exposures can be found in the fact 
that the IMM currently lists Eurodollar futures with 
delivery dates stretching as far as 60 months into the 
future. In contrast, virtually all other futures contracts 
list delivery dates only 24 months into the future 
(Burghardt et al., 1991). Third, it has become com- 
mon practice for commercial banksto index interest 
rates on loans to their corporate customers to 
LIBOR. Such borrowers sometimes use Eurodollar 
futures to hedge their borrowing costs. (In recent 
years, however, it has become more common for 
such borrowers to arrange interest rate swaps.) 

The one-month LIBOR contract enables traders 
to use futures contracts to synthesize maturities 
corresponding to a wider range of standard maturities 
in the Eurodollar market. Other than overnight and 
one-week deposits, standard maturities in the Euro- 
dollar market range from one to six months in one- 
month increments, nine months, one year, eighteen 
months, and two to five years in one-year increments. 
The one-month LIBOR contract allows a trader to 
synthetically duplicate the interest rate exposure 
associated with a four-month Eurodollar deposit, as 
an example, using a combination of a three-month 
Eurodollar contract and a one-month LIBOR con- 
tract. Although trading in the contract has been 
active since it was introduced in 1990, Charts 1 
and. 2 show that trading activity in the one-month 
LIBOR contract has yet to approach that of the more 
popular three-month Eurodollar futures contract. 

The CBT first listed its 30-day interest rate futures 
contract in 1988. Although there are differences in 
the way the one-month LIBOR and 30-day interest 
contracts are priced, both are based on indexes of 
one-month interbank lending rates. At present, 
trading volume in the CBT contract is roughly one- 
third the volume of trading in the one-month LIBOR 
contract. Past experience has shown that whenever 
two different exchanges list futures contracts for 
similar underlying instruments, only one contract 
survives. Thus, the current outlook for these latter 
two contracts remains uncertain as of this writing. 

6 An interest rate swap is a formal agreement between two 
parties to exchange cash flows based on the difference between 
two different interest rates. 

PRICERELATIONSHIPSBETWEEN 
FUTURE~ANDS~~TPVIARKETS 

Price relationships between futures and spot 
markets can be explained using arbitrage pricing 
theory, which is based on the premise that two 
different assets, or combinations of assets, that yield 
the same return should sell for the same price. 
Buying a futures contract on the final day of trading 
is equivalent to buying the underlying item in the 
cash market, since delivery is no longer deferred once 
a futures contract matures. Thus, arbitrage pricing 
theory predicts that the futures price of an item 
should just equal its spot market price on the futures 
contract maturity date: this is just the phenomenon 
of convergence noted earlier. Buying a futures con- 
tract before the contract maturity date fixes the,cost 
of future availability of the underlying item. But the 
cost of future availability of an item can also be 
fixed in advance by buying and holding that item. 
Holding actual physical stocks of a commodity or 
security entails opportunity costs in the form of 
interest foregone on the funds used to purchase the 
item and, in some instances, explicit storage costs. 
The cost associated‘ with financing the purchase of 
an asset, along with related storage costs, is known 
as the cost of carry. Since physical storage can 
substitute for buying a futures contract, arbitrage 
pricing theory predicts that the cost of carry should 
determine the relationship between futures and spot 
market prices. 

Basis and the Cost of Carry 

The cost of carry for agricultural and other com- 
modities includes financing costs, warehousing fees, 
transportation costs, and any transactions costs 
incurred in obtaining the commodity. Storage costs 
are negligible for financial’ assets such as Treasury 
bills and Eurodollar deposits. Moreover, financial 
assets often yield an explicit payout, such as interest 
or dividend payments, that offsets at least a fraction 
of any financing costs. The convention in financial 
markets, therefore, is to apply the term net carrying 
cost to the difference between the interest cost 
associated with financing the purchase of a financial 
asset and any explicit interest or dividend payments 
earned on that asset. 

Let S(0) denote the purchase price of an asset at 
time 0 and r(O,7’) denote the market rate of interest 
at which market participants can borrow or lend over 
a period starting at date 0 and ending at some future 
date T.’ Assuming, for the sake of convenience, 

’ This discussion assumes perfect capital markets in which 
market participants can borrow and lend at the same rate. 
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that transactions and storage costs are negligible, the 
cost of purchasing an item and storing it until date 
T is just the financing cost r(O,T)S(O). Let y(O,T) 
denote any explicit yield earned on the asset over 
the same holding period. Then, the net carrying cost 
for the asset is 

40,T) = b-(O,T) -y(O, TKW). 

Since physical storage of an item can substitute 
for buying a futures contract for that item, arbitrage 
pricing theory would predict that the futures price 
should just equal the price of the underlying item plus 
net carrying costs. This result is known as the cost 
of carry pricing relation. Let F(O,T) denote the 
futures price of an item at date 0 for delivery at some 
future date T. Then, the cost of carry pricing rela- 
tion can be stated formally as: 

F(O,T) = S(0) + c(O,T). 

The difference between the spot price of an item 
and its futures price is known as basis.* Notice 
that the cost of carry pricing relationship equates basis 
with the negative of the cost of carry. This relation- 
ship is easily demonstrated by rearranging terms in 
the cost of carry relation to yield 

S(O)-F(O,T) = -c(O,T). 

Positive carrying costs imply a negative basis-that 
is, a futures price above the spot market price. In 
such instances the buyer of a futures contract pays 
a premium for deferred delivery, known as contango. 

Cash-and-Carry Arbitrage 

To see why futures prices should conform to the 
cost of carry model, consider the arbitrage oppor- 
tunities that would exist if they did not. Suppose the 
futures price exceeds the cost of the underlying item 
plus carrying costs; that is, 

F(O,T) > S(0) + c(O,T). 

In this case, an arbitrageur could earn a positive profit 
of F(0, T) -S(O) -c(O,T) dollars by selling the over- 
priced futures contract while buying the underlying 
item, storing it until the futures delivery date, and 
using it to satisfy delivery requirements. 

This type of transaction is known as cash-and-carry 
arbitrage because it involves buying the underlying 
item in the cash market and carrying it until the 

8 Some authors define basis as the difference between the futures 
price and the spot price. The definition adopted above is the 
more common. 

futures delivery date. Ultimately, the market forces 
created by arbitrageurs selling the overpriced futures 
contract and buying the underlying item should force 
the spread between futures and spot prices down to 
a level just equal to the cost of carry, where arbitrage 
is no longer profitable. In practice, arbitrageurs rarely 
find it necessary to hold their positions to contract 
maturity; instead, they undertake offsetting transac- 
tions when market forces bring the spot-futures price 
relationship back into alignment. 

Example 1: Pricing a Commodity Futures Con- 
tract Suppose the current spot price of a com- 
modity is $100 and the market rate of interest is 10 
percent. Assuming that transactions and storage costs 
are negligible, the cost of carry for this commodity 
for a period of one year is 

c(O,T) = (O.lO)($lOO) 

= $10. 

Thus, the fair futures price for delivery in one year 
is $110. 

Now consider the opportunity for arbitrage if the 
futures contract in this example is overpriced. If the 
futures price for delivery in one year’s time is $115, 
an arbitrageur could earn a certain profit by selling 
futures contracts at $115, borrowing $100 at 10 
percent to buy the underlying commodity, and de- 
livering the commodity in fulfillment of contract 
requirements atthe futures delivery date. The total 
cost of purchasing and storing the underlying com- 
modity for one year is $1.10, while the short posi-’ 
tion in a futures contract fixes the sale price of the 
commodity at $115. Thus, at the end of one year 
the arbitrageur could close out his position by sell- 
ing the underlying commodity in fulfillment of con- 
tract requirements, thereby earning a $5 profit net 
of carrying costs. 

Example 2: Pricing an Interest Rate Futures 
Contract Suppose a long-lived asset that pays a 15 
percent annual yield can be purchased for $100, and 
assume that the cost of borrowing to finance the pur- 
chase of this asset for one year is 10 percent. In this 
case, the $10 annual financing cost is more than off- 
set by the annual $15 yield earned on the asset. The 
net cost of carry for a one-year holding period is 

(O.lO-0.15)$100 = -965. 

Thus, the fair futures price for delivery in one year 
is $95. 
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The net cost of carry is negative in this last ex- 
ample, resulting in a futures price below the spot 
market price. This type of price relationship is known 
as backwardation. It is common for interest rate 
futures prices to exhibit a pattern of backwardation, 
although this pattern can be reversed when short- 
term interest rates are higher than long-term rates. 

Reverse Cash-and-Carry Arbitrage 

If the futures price of an item fails to reflect full 
carrying costs, arbitrageurs have an incentive to 
engage in an operation known as reverse cash-and- 
carry arbitrage. Reverse cash-and-carry arbitrage 
involves selling the underlying commodity short while 
buying the corresponding futures contract. A short 
sale involves borrowing a commodity or asset for a 
fixed time period and selling that item in the cash 
market with the intent of repurchasing it when the 
commodity is due to be returned to the lender. 

In the case of a short sale of an interest-bearing 
security, a lender typically requires the borrower to 
return the security plus any interest or dividend 
payments accruing to the security over the period 
of the loan. Thus, the net profit resulting from a 
reverse cash-and-carry operation is determined by the 
proceeds from the short sale, S(O), plus the interest 
earned on those proceeds over the holding period, 
r(O,T)S(O), less the cost of repurchasing the secur- 
ity at date T, F(O,T), and less the interest or divi- 
dend that would have been earned by holding the 
security, which is y(O,T)S(O). The total net profit 
in this case is just 

[I +r(O,T)-y(O,T)]S(O)-F(O,T). 

Banks active in the Eurodollar market can effect 
short sales of deposits simply by accepting such 
deposits from other market participants and investing 
the proceeds until the deposits mature. Dealers in 
the Treasury bill market can effect short sales through 
arrangements known as repurchase agreements. 
These operations are described in more detail below. 

The Phenomenon of “Underpriced” 
Futures Contracts 

Futures prices sometimes fail to reflect full carry- 
ing costs, a phenomenon that is most pronounced 
in commodity markets. At least two different expla- 
nations have been offered for this phenomenon: the 
first deals with impediments to short sales; the 
second with the implicit convenience yield that 
accrues to physical ownership of certain assets. 

Reverse cash-and-carry arbitrage operations require 
that market participants be able to effect short sales 
of the item underlying the futures contract so as 
to take advantage of an underpriced futures con- 
tract. Various impediments to short sales exist in 
some markets, however. In the stock market, for 
example, government regulations, as well as stock 
exchange trading rules, limit the ability of market 
participants to effect short sales. 

The importance of such impediments is mitigated 
by the fact that it is not always necessary to engage 
in a short sale to effect a reverse cash-and-carry 
arbitrage operation. Many firms are ideally situated 
to take advantage of the opportunities presented by 
underpriced futures contracts simply by selling any 
inventories they hold while buying futures contracts 
to fix the cost of buying back the underlying item. 
Yet market participants often do not sell their asset 
holdings to take advantage of “underpriced” futures 
contracts because ready access to actual physical 
stores of an item can yield certain implicit benefits. 
For example, a miller might value having a ready 
supply of grain on hand to ensure the uninterrupted 
operation of his milling operations. A futures con- 
tract can substitute for physical holdings of the 
underlying commodity in the sense that it fixes the 
cost of future availability, but the miller cannot use 
futures contracts to keep his mill operating in the 
event that he runs out of grain. Supplies of agricultural 
commodities can be scarce in periods just preceding 
harvests, making market participants such as com- 
modity processors willing to pay an implicit conve- 
nience yield in return for assured access to physical 
stores of a commodity at such times. A measure of 
the implicit convenience yield, call it yC(O, T), can be 
obtained by calculating the difference between the 
cost of storage and the futures price: 

yc(O,T) = W) + 40,T) -F(O,T), 

where the term c(O,T) in the above expression 
represents the explicit carrying cost.9 

Pricing Treasury Bill Futures: 
The Implied Repo Rate 

A repurchase agreement, more commonly termed 
a “repo” or “RP,” is a transaction involving the sale 
of a security with a commitment on the part of the 
seller to repurchase that security at a higher price 

9 Siegel and Siegel (1990, Chap. 2) contains a good intro- 
ductory discussion of these topics. See Williams (1986) for a 
comprehensive analysis of the price behavior of agricultural 
futures. 
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on some future date-usually the next day, although 
such agreements sometimes cover periods as long 
as six months. A repurchase agreement can be viewed 
as a short-term loan collateralized by the underlying 
security, with the difference between the repurchase 
price and the initial sale price implicitly determining 
an interest rate, known as the “rep0 rate.” Repur- 
chase agreements constitute a primary funding source 
for dealers in the market for U.S. Treasury securities. 

Cash-and-carry arbitrage using Treasury bill futures 
involves the purchase of a bill that will have 13 weeks 
to maturity on the contract delivery date. A cash- 
and-carry arbitrage operation can be viewed as an 
implicit reverse repurchase agreement, which is just 
a repurchase agreement from the viewpoint of the 
lender. A reverse repo entails the purchase of a 
security with a commitment to sell the security back 
at some future date. A party entering into a reverse 
repo effectively lends money while taking the 
underlying security as collateral. Like a party to a 
reverse repo, a trader who buys a Treasury bill while 
selling a futures contract obtains temporary posses- 
sion of the bill while committing himself to sell it 
back to the market at some future date. Just as the 
difference between the purchase price of a bill and 
the agreed-upon sale price determines the interest 
rate earned by a party to a reverse repo, the differ- 
ence between the futures and spot price determines 
the return to a cash-and-carry arbitrage operation. 
In effect, the trader “lends” money to the market, 
earning the difference between the future delivery 
price and the price paid for the security as implicit 
interest. The rate of return earned on such an opera- 
tion is known as the “implied repo rate.” 

By market convention, the implied repo rate is 
expressed as the annualized rate of return that could 
be earned by buying a Treasury bill at a price S(O) 
at date 0 and simultaneously selling a futures con- 
tract for delivery at date T for a price F(O,T). The 
formula is 

in- = ([F(O,T)-S(O)]/S(O))(360/T), 

where irk denotes the implied repo rate. Note that 
this formula follows the convention in money markets 
of expressing annual interest rates in terms of a 
360-day year. 

The following example illustrates the calculation 
of the implied repo rate. Suppose that it is exactly 
60 days to the next delivery date on three-month 
Treasury bill futures. A bill with 15 1 days left to 
maturity will have 9 1 days left to maturity on the next 
futures delivery date and can be used to satisfy 

delivery requirements for the nearby futures contract. 
If the current discount yield on bills with 15 1 days 
to maturity is 3.8 percent, the cash price of the 
bill is 

S(0) = $1,000,000 
- $1,000,000(0.038)(151/360) 

= $984,061.11. 

Now suppose that the price of the nearby Treasury 
bill futures contract is 96.25. An index price of 96.25 
implies a futures discount yield for the nearby 
Treasury bill contract of 100 - 96.25 = 3.75 per- 
cent. Since the deliverable bill will have 91 days to 
maturity, the future delivery price implied by this 
yield is 

J-(0,60) = $1 ,OOO,OOO 
- $1,000,000(0.0375)(91/360) 

= $990,520.83. 

The implied repo rate in this case is 

irr = [($990,520.83 
- $984,061.11)/$984,061.11](360/60) 

= 0.0394, 

or 3.94 percent. 

The cost of carry pricing relation can be used to 
show that the no-arbitrage price should equate the 
implied repo rate with the actual repo rate. To see 
this, note that the cost of carry pricing relation im- 
plies that the no-arbitrage price must satisfy 

F(O,T)-S(0) = c(O,T). 

Although Treasury bills are interest-bearing securi- 
ties, the interest earned on a bill is implicit in the 
difference between the purchase and redemption 
price. This means that y(O,T) =O, so that total net 
carrying costs for a Treasury bill must just equal 

c(O,T) = r(O,OW), 

where r(O,T) represents the cost of financing the 
purchase of the bill, expressed as an unannualized 
interest rate. Substituting these last two expressions 
into the definition of the implied repo rate gives 

irr = r(O,T)(360/T). 

Because repurchase agreements constitute a primary 
funding source for dealers in the Treasury bill market, 
~(0, T) should reflect the cash repo rate. lo Thus, the 

10 Gendreau (1985) found empirical support for the assertion that 
the repo rate provides the correct measure of carrying costs for 
Treasury bill futures. 
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cost of carry pricing relation implies that the implied 
repo rate should just equal the cash repo rate. 

Comparing implied repo rates with actual rates 
amounts to comparing theoretical futures prices, as 
determined by the cost of carry model, with actual 
futures prices. An implied repo rate above the 
actual three-month repo rate would indicate that 
futures contracts are relatively overpriced. In this case 
arbitrage profits could be earned by borrowing money 
in the cash repo market and implicitly lending the 
money back out through a cash-and-carry arbitrage 
to earn the higher implied repo rate. 

Conversely, an implied repo rate below the actual 
rate would indicate that futures contracts are under- 
priced. In this second case, arbitrageurs would have 
an incentive to “borrow” money by means of a reverse 
cash-and-carry futures hedging operation while lend- 
ing into the cash market through a reverse repo. Such 
an operation would entail buying an underpriced 
futures contract and simultaneously entering into a 
reverse repurchase agreement to lend money into the 
cash repo market. 

The concept of an implied repo rate can also be 
applied to other types of financial futures. Merrick 
(1990) and Siegel and Siegel (1990) discuss other 
applications. 

Pricing Eurodollar Futures 

Now consider the problem of determining the 
theoretically correct price of a three-month Eurodollar 
futures contract maturing in exactly 90 days. Note 
that a six-month deposit can be viewed as a succes- 
sion of two three-month deposits. Thus, a bank can 
synthesize an implicit six-month deposit by placing 
a three-month deposit and buying a futures contract 
to fix the rate of return earned when the proceeds 
of the first deposit are reinvested into another deposit. 
Arbitrage opportunities Will exist unless the return 
to this synthetic six-month deposit equals the return 
to the actual six-month deposit. 

Let r(O,3) and r(O,6) denote the current (un- 
annualized) three- and six-month LIBOR, respec- 
tively. Eurodollar deposits pay a fixed rate of interest 
over the term of the deposit. For maturities under 
one year, interest is paid at maturity. Thus, an in- 
vestor placing $1 in a 180-day deposit in an account 
paying an interest rate of r(0,6) receives $[ 1 +r(0,6)] 
at maturity. Similarly, a 90-day deposit will return 
(1 +r(O,3)] per dollar at maturity. Now let r,(3,6) 
denote the interest rate on a three-month deposit to 

be placed in three months fixed by buying a 
Eurodollar futures contract. The condition that a six- 
month deposit should earn as much as a succession 
of two three-month deposits requires that 

1 + r(O,6) = 11 +r(0,3)][1 +r,(3,6)]. 

The no-arbitrage futures interest rate can thus be 
calculated from the other two spot rates by rearrang- 
ing terms to yield 

r-(3,6) = [ 1 +r(0,6)]/[ 1 +r(O,3)] - 1. 

As an example, suppose the prevailing three-month 
LIBOR is quoted at 4.0 percent and the six-month 
LIBOR at 4.25 percent (in terms of annualized in- 
terest rates). Suppose further that the six-month rate 
applies to a period of exactly 180 days and the three- 
month rate applies to a period of 90 days. Finally, 
assume that the nearby Eurodollar contract con- 
veniently happens to mature in exactly 90 days. 
Then, the no-arbitrage interest rate on a three-month 
Eurodollar deposit to be made three months in the 
future is 

r,(3,6) = [ 1 + (0.0425)( 180/360)]/ 
[ I+ (0.04)(90/360)] - 1 

= 0.0111. 

To express this result as an annualized interest rate 
just multiply the number obtained above by (360/90). 
The result is 

r,(3,6)(360/90) = 0.0444, 

which means that the no-arbitrage futures interest 
rate in this example is 4.44 percent and the theo- 
retically correct index price is 95.56. The same 
methodology can be used to price one-month LIBOR 
futures.” 

If the futures rate is below the no-arbitrage rate, 
the interest rate on a synthetic six-month deposit will 
be less than on an actual six-month deposit. A bank 
can effect a cash-and-carry arbitrage operation by 
“buying” a six-month deposit now (that is, by 
placing a deposit with another bank) while accepting 
a three-month deposit and selling a Eurodollar futures 
contract. In this case, arbitrage amounts to lending 
at the higher spot market rate (by placing a six-month 
deposit with another bank) while borrowing at the 

I1 Readers interested in a more detailed exposition of forward 
interest rate calculations and the pricing of Eurodollar futures 
should see Burghardt et al. (1991). 
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lower synthetic six-month rate (obtained by accept- 
ing a three-month deposit and selling a futures 
contract). 

Conversely, a futures interest rate above the 
theoretically correct rate is a signal for banks to enter 
into a reverse cash-and-carry arbitrage. In this case, 
a bank would wish to accept a six-month deposit to 
borrow at the lower spot market rate while placing 
a three-month deposit and buying the nearby futures 
contract to lend at the higher synthetic six-month 
rate. 

Daily Settlement and the Cost of Carry 

As a concluding comment, it should be noted that 
the pricing formulas developed in this section do not 
take account of the effect of variation margin flows. 
When interest rates fluctuate randomly, the fact that 
a futures contract is marked to market on a daily basis 
means that some of the payoff to a futures position 
will need to be reinvested at different interest rates. 
Thus, the cost of carry formulas derived above hold 
exactly only if interest rates are constant or if there 
are no variation margin payments, as typically is 
the case with forward agreements (Cox, Ingersoll, 
and Ross, 1981). In all other cases, the formulas 
derived above yield theoretical futures prices that 
only approximate true theoretical futures prices. As 
an empirical matter, however, the approximation 
appears to be a close one, so that the cost of carry 
model is commonly used to price futures contracts 
as well as forward contracts.lz 

THEECONOMICFLJNCTIONOF 
FUTURESMARKETS 

Hedging, Speculation, and Futures Markets 

It is common to categorize futures market trading 
activity either as hedging or speculation. In the most 
general terms, a futures hedging operation is a futures 
market transaction undertaken in conjunction with 
an actual or planned spot market transaction. Futures 
market speculation refers to the act of buying or 
selling futures contracts solely in an attempt to 
profit from price changes, and not in conjunction with 
an ordinary commercial pursuit. According to these 
definitions, then, a dentist who buys wheat futures 
in anticipation of a rise in wheat prices would be 
classified as a speculator, while a grain dealer under- 
taking a similar transaction would be regarded as a 
hedger. 

12 Chance (1989) reviews the results of studies dealing with the 
effect of variation margin payments on futures prices. 

Speculators have been active participants in futures 
markets since the earliest days of futures trading. On 
several occasions, the perception that futures market 
speculation exerted a destabilizing influence on com- 
modity markets led to attempts to restrict or ban 
futures trading. I3 But despite the association of 
speculative activity with futures trading, it is widely 
accepted that futures markets evolved primarily in 
response to the needs of commodity handlers, such 
as dealers in agricultural commodities and process- 
ing firms, who used futures contracts in conjunction 
with their routine business transactions. The same 
types of market forces appear to’underlie the recent 
growth of trading in financial futures, the heaviest 
users of which are financial intermediaries such as 
commercial banks, securities dealers, and investment 
funds that routinely use futures contracts to hedge 
cash transactions in financial markets. 

While it is widely accepted that futures markets 
evolved to facilitate hedging, the motivation behind 
observed hedging behavior in futures markets has 
been the topic of considerable debate among 
economists. Risk transfer traditionally has been 
viewed as the primary economic function of futures 
markets. According to this view, the economic pur- 
pose of futures markets is to provide a means for 
transferring the price risk associated with owning an 
item to someone else. A number of economists have 
come to question this traditional view in recent years, 
however, arguing that the desire to transfer price risk 
cannot fully explain why market participants use 
futures contracts. 

The discussion that follows examines the hedging 
uses of money market futures and reviews three 
different views of the economic function of futures 
markets in an effort to provide some insight into the 
reasons firms use futures markets. All three theories 
are based on the premise that futures markets evolved 
to facilitate hedging on the part of firms active in 
underlying spot markets, but the different theories 
each emphasize different characteristics of futures 
contracts and futures markets to explain why hedgers 
use futures contracts. This review is of more than 
academic interest. Futures hedging operations are 
complex and multifaceted transactions, and each 

13 One of the most drastic efforts to curb futures trading in- 
volved the arrest of nine prominent members of the Chicago 
Board of Trade following ;he enactment of the Illinois Elevator 
Bill of 1867. The act classified the sale of contracts for future 
delivery as gambling except in cases where the seller actually 
owned physical stocks of the commodity being sold. Those pro- 
visions were soon repealed, however, and the exchange members 
never came to trial (Hieronymus, 1971, Chap. 4). 
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theory provides important insights into different 
aspects of hedging behavior. 

Future Markets as Markets for 
Risk Transfer 

In conventional usage, the term “hedging” refers 
to an attempt to avoid or lessen the risk of loss by 
matching a risk exposure with a counterbalancing 
risk, as in hedging a bet. A futures hedge can be 
viewed as the use of futures contracts to offset the 
risk of loss resulting from price changes. A short 
(cash-and-carry) hedging operation, for example, 
combines a short futures position with a long posi- 
tion in the underlying item to fix the future sale price 
of that item, thereby protecting the hedger from the 
risk of loss resulting from a fall in the value of his 
holdings. Reverse cash-and-carry arbitrage, which 
combines a short position in an item with a long 
futures position, represents an example of a long 
hedge. The long futures position offsets the risk that 
the price of the underlying item might rise before 
the hedger can buy the item back to return to the 
owner. More generally, a long hedge combines a long 
futures position with a planned future purchase of 
an item to produce an offsetting risk that protects 
the hedger from the risk of an increase in the future 
purchase price of the item. 

Most textbook hedging examples rely on this tradi- 
tional definition of hedging to motivate descriptions 
of hedging operations. Thus, a dealer in Treasury 
securities might sell Treasury bill futures to offset 
the risk that an unanticipated change in market 
interest rates will adversely affect the value of his 
securities holdings. Note that the short hedge in this 
example effectively shortens the maturity of the 
interest-bearing asset being hedged. In contrast, a 
long hedge fixes the return on a future investment, 
thereby lengthening the effective maturity of an 
existing interest-earning asset. 

This traditional definition of hedging accords with 
the view that the primary function of futures markets 
is to facilitate the transfer of price risk. The party 
buying the futures contracts in the above example 
might be an investor planning to buy Treasury bills 
at some future date or a speculator hoping to profit 
from a decline in market interest rates. In the first 
case the risk exposure is transferred from one hedger 
to another who faces an opposite risk. In the second, 
the risk is willingly assumed by the speculator in the 
hope of earning windfall gains. 

Other common hedging operations involving 
money market futures can also be viewed as being 

motivated by the desire to transfer price risk. For 
example, commercial banks, savings and loans, and 
insurance companies use interest rate futures to pro- 
tect their balance sheets and future earnings from 
potentially adverse effects of changes in market 
interest rates.14 In addition, nonfinancial firms some- 
times use interest rate futures to fix interest rates 
on anticipated future investments and borrowing rates 
on future loans. 

The Liquidity Theory of Futures Markets 

Working (1962) and Telser (198 1, 1986) contend 
that the hedging behavior of firms cannot be 
understood by looking at risk avoidance alone as the 
primary motivation for hedging. Instead, they argue 
that the hedging behavior of optimizing firms is best 
understood when hedging is viewed as a temporary, 
low-cost alternative to planned spot market trans- 
actions. According to this line of reasoning, futures 
markets exist primarily because they provide market 
participants with a means of economizing on trans- 
actions costs, and not solely because futures contracts 
can be used to transfer price risk. Williams (1986) 
has termed this view the liquidity theory of futures 
markets. 

Working’s and Telser’s arguments rest on the 
observation that market participants need not use 
futures contracts to insure themselves against price 
risk. As noted in the earlier discussion on arbitrage 
pricing, spot purchases (or short sales) of an item can 
substitute for buying (selling) a futures contract to 
fix the cost of future availability (future sale price) 
of an item. Moreover, forward contracts can also be 
used to transfer price risk. Because they can be 
custom-tailored to the needs of a hedger, forward con- 
tracts would appear to offer a better means of insur- 
ing against price risk than futures contracts. Contract 
standardization, while contributing to the liquidity 
of futures markets, practically insures that futures con- 
tracts will not be perfectly suited to the needs of 
any one hedger. is It would seem, then, that a 
hedger interested solely in minimizing price risk 
would have little incentive to use futures contracts, 

I4 Brewer (1985) and Kaufman (1984) discuss the problem such 
firms face in managing interest rate risk. 

1s Since planned transaction dates rarely coincide with stan- 
dardized futures delivery dates, most hedgers must unwind 
their futures positions before the contracts mature. As a result, 
hedging operations must rely upon the predictability of the spot- 
futures price relationship, or basis. Although theory predicts that 
behavior of basis should be determined by the cost of carry, 
changes in the spot-futures price relationship are not always 
predictable in practice. Thus, a futures hedge involves “basis 
risk,” which is much easier to avoid with forward contracts. 
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a conclusion which suggests that the view of futures 
markets as markets for transferring price risk is 
incomplete. 

Although it makes futures contracts less suited to 
insuring against price risk, contract standardization, 
along with the clearinghouse guarantee, facilitates 
trading in futures contracts and reduces transactions 
costs. By focusing attention on these characteristics 
of futures contracts, Working (1962) and Telser 
(198 1, 1986) are able to explain why dealers and 
other intermediaries who perform the function of 
marketmakers in spot markets tend to be the primary 
users of futures contracts. Market-making activity 
requires dealers to constantly undertake transactions 
that change the composition of their holdings. 
Securities dealers, for example, must stand ready to 
buy and sell securities in response to customer orders. 
As they do, their cash positions change continually, 
along with their exposure to price risk. Similarly, the 
assets and liabilities of commercial banks change con- 
tinually as they accept deposits and offer loans to their 
customers. Thus, financial intermediaries such as 
commercial and investment banks hedge using 
futures contracts because the greater liquidity and 
lower transactions costs in futures markets mean that 
a futures hedge can be readjusted frequently with 
relatively little difficulty and at minimal cost. 

To illustrate these concepts, consider the situ- 
ation faced by an investor who holds a three-month 
Treasury bill but wishes to lengthen the effective 
maturity of his holding to six months. The investor 
could sell the three-month bill and buy a six-month 
bill, or he could buy a futures contract for a three- 
month Treasury bill deliverable in three months. A 
long hedging operation of this type effectively con- 
verts the three-month bill into a synthetic six-month 
bill. The preferred strategy will depend on the relative 
costs of the two alternatives. Since transactions costs 
in futures markets tend to be lower than those in 
underlying spot markets, the futures hedge is often 
the more cost-effective alternative. 

Futures Markets as Implicit Loan Markets 

Williams (1986) argues that futures markets are 
best viewed as implicit loan markets, which exist 
because they provide an efficient means of inter- 
mediating credit risk. Recall that a firm that needs 
to hold physical inventories of some item for a fixed 
period has two choices. First, it can make arrange- 
ments to borrow the item directly, often by pledg- 
ing some form of collateral such as cash or securities 
to secure the loan. Second, it can buy the item in 

the spot market and hedge by selling the appropriate 
futures contract. In either case, the firm will have 
temporary use of the item and will be required to 
return (deliver) that item at some set future date. 
Depending on one’s view, therefore, a short hedger 
is either extending a loan of money collateralized 
by the item underlying the futures contract or 
borrowing the underlying commodity using cash as 
collateral. 

A natural question to ask at this juncture is why 
a firm would choose to engage in a cash-and-carry 
hedging operation to synthesize an implicit loan of 
an item rather than borrowing the item outright. The 
answer lies with the advantages that futures contracts 
have in the event of default or bankruptcy. Consider 
the consequences of a default on the part of a firm 
that loans out securities while borrowing cash. Sup- 
pose firm A enters into a repurchase agreement with 
firm B. If firm A defaults on its obligations, firm B 
cannot always be assured that the courts will permit 
it to keep the security collateralizing the loan because 
the “automatic stay” provisions of the U.S. Bank- 
ruptcy Code may prevent creditors from enforcing 
liens against a firm that enters into bankruptcy pro- 
ceedings. Thus, when Lombard-Wall, Inc. entered 
bankruptcy proceedings in 1982, its repurchase 
agreement counterparties could neither use funds 
obtained through a repurchase agreement or sell 
underlying repo securities without first obtaining the 
court’s permission (Lumpkin, 1993). In such cases, 
creditors may be forced to settle for a fraction of the 
amounts owed them. 

Subsequent amendments to the U.S. Bankruptcy 
Code have clarified the steps needed to perfect a col- 
lateral interest in securities lending arrangements, 
making it possible for investors to avoid many of the 
difficulties Lombard-Wall’s counterparties encoun- 
tered with the Bankruptcy Court. Nevertheless, col- 
lateralized lending agreements are never riskless. A 
party to a reverse RP, for example, faces the risk 
that the market value of the underlying security might 
fall below the agreed-upon repurchase price. More- 
over, parties to mutual lending arrangements some- 
times fraudulently pledge collateral to several different 
creditors. In either case, a lender is exposed to the 
risk of loss in the event of a default on the part of 
a borrower. Finally, the Bankruptcy Code amend- 
ments do not apply to all types of lending. For 
example, Eurodollar deposits cannot be collateral- 
ized under existing banking laws. 

The consequence of a default is quite different 
when a firm uses futures contracts to synthesize an 
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implicit loan. Because synthesizing a loan through 
the use of futures contracts involves no exchange of 
principal, the risk exposure associated with a futures 
contract in the event of a default is much smaller 
than the exposure associated with an outright loan. 
Thus, a futures hedging operation amounts to a col- 
lateralized lending arrangement in which the collateral 
is never at risk in the event of a default. A position 
in a futures contract does create credit-risk exposure 
when changes in market prices change the value of 
the contract; however, the resulting exposure is a 
small fraction of the notional principal amount of 
the contract, and the exchange clearinghouse risks 
losing only the change in value in the futures con- 
tract resulting from price changes in the most recent 
trading session. Here, daily settlement, or marking 
to market, of futures contracts provides an efficient 
means of enforcing contract performance. In the 
event that a firm fails to meet a margin call, the 
clearinghouse can order its futures position to be 
liquidated and claim the firm’s margin deposit to offset 
any losses accruing to the futures position. If the 
defaulting firm subsequently enters formal bankruptcy 
proceedings, the futures margin is exempt from the 
automatic stay imposed by the Bankruptcy Code.i6 
Thus, a futures clearinghouse is entitled to seize a 
trader’s margin deposit to offset any trading losses 
without being required to first appeal to the Bank- 
ruptcy Court. 

Although forward contracts can also be used to 
synthesize implicit loans in much the same way as 
futures contracts, Williams (1986) argues that a 
crucial difference between futures contracts and 
forward agreements lies with their legal status in the 
event of default and bankruptcy proceedings. While 
forward agreements sometimes specify margin de- 
posits, such deposits have not, until very recently, 
been exempt from the automatic stay provisions of 
the Bankruptcy Code.17 

r6 Williams (1986) cites a precedent-setting legal decision that 
exempted margin deposits from the automatic stay provisions 
of the Bankruptcy Code. 

I7 Recent amendments to the Bankruptcy Code exempt margin 
deposits on certain types of forward contracts from the automatic 
stay. See Gooch and Pergam (1990) for a detailed description 
of these amendments. 

These observations led Williams to conclude that 
futures markets are best viewed as markets for 
intermediating short-term loans, which resemble 
money markets. Although Williams’ rationale for the 
existence of futures markets differs in emphasis from 
that of Working and Telser, the two theories are not 
inconsistent. While Williams acknowledges that 
futures markets have certain advantages over other 
markets stemming from greater liquidity and lower 
transactions costs, he argues that Working and Telser 
place too much importance on contract standard- 
ization and transactions costs as primary reasons for 
the existence of futures markets. In the end, however, 
both theories question the traditional view that the 
primary function of futures markets is to accommo- 
date the transfer of price risk. 

Since Williams published his work, the Bank- 
ruptcy Code has been amended to exempt certain 
repurchase agreements and forward agreements from 
the automatic stay provisions applicable to most other 
liabilities of bankrupt firms. As a result, such con- 
tracts now have a legal status similar to that of futures 
contracts in the event of bankruptcy. Williams’ theory 
would thus predict that repurchase agreements and 
forward contracts should become more widely used, 
which is what has happened in recent years. Rather 
than replacing futures contracts, however, the growth 
of over-the-counter derivatives such as interest rate 
swaps and Forward Rate Agreements appears to be 
driving an accompanying increase in trading in futures 
contracts, especially Eurodollar futures, which 
derivatives dealers use to hedge their swap and for- 
ward contract exposures. Thus, even when forward 
agreements and collateralized lending arrangements 
carry the same legal status as futures contracts in the 
event of a default, each type of contract appears to 
offer certain advantages to different types of users. 
Still, Williams’ research highlights an important aspect 
of futures contracts and futures markets not addressed 
by earlier work in this area. 
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