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INSTITUTE OF ECONOMIC STUDIES

Faculty of social sciences of Charles University
Futures Contracts
Lecturer’s Notes No. 1
Course: Financial Market Instruments I
Teacher: Oldřich Dědek 
I.  BASIC FEATURES OF FORWARD AND FUTURES CONTRACTS
1.1  Classification of contracts
a) spot contract is an agreement between two counterparties about immediate sale and delivery at a given market price (called also spot price, prompt price)
the transaction date and the settlement date (spot date, value date) should in principle coincide, in reality a delay (up to two days) is accepted 

b) forward contract is and agreement between two counterparties that fixes the terms of an exchange that will take place at some future date

the contract specifies:
i) the size of an underlying asset that will be exchanged

ii) the price at which the exchange takes place (forward price)


iii) the date in the future at which the exchange takes place (delivery, maturity date)

advantages: the contract can be tailor-made (meeting requirements of the two counterparties by negotiating details of the contract)
disadvantages: 
- low marketability (obligations on one counterparty cannot be easily transferred to a third party, termination of the contract is costly)
- a higher default risk (incentives for the losing counterparty to renege on obligations that were agreed at the time of negotiations)

spot price > forvard price ( the buyer who takes delivery gains and the seller who makes delivery loses (and vice versa)

c) futures contract is a standardized agreement that fixes the terms of an exchange that will take place at some future date (details of a contracts are not negotiable) 
standardized specifications:

- unit of trading (called underlying asset) 
commodity futures (aluminum, barley, cattle, coffee, copper cotton, crude oil, gold, palm oil, pork bellies, potatoes, rice silver, wool, zinc, etc.)

  financial futures are contracts related to financial instruments (bond, foreign currency, stock index, etc.)

- size of the contract: an excessively large size discourages small investors from trading while an excessively small size increases transaction costs
- delivery date: usually contracts with only four delivery dates are available (specific dates in March, June, September and December)

 futures contract is referred by its delivery months
- quotation of price
- tick size (minimum price movement)
advantages:  futures contracts are extremely liquid because it is possible to unwind a contract at any time by performing a reversing trade 
1.2  Practical arrangements of trading with futures
futures are traded on specialized exchanges: Chicago Board of Trade (CBOT), London International Financial Futures and Options Exchange (LIFFE), Eurex, Tokyo Futures Exchange (TFE), Singapore International Monetary Exchange (SIMEX)

a) clearing house
clearing house keeps track of all transactions that take place in the exchange and becomes the formal counterparty to every transaction
this arrangement eliminates the problem of default risk 

direct trade
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in case of the default of a client’s broker the clearing house honors all obligations connected with agreed deals
the arrangement does not protect a client against the default of his broker

b) operation of margins
initial margin is a deposit at the clearing house’s margin account that each counterparty must make when the futures position is opened  
a buyer of futures contract is said to have a long futures position

a seller of futures contract is said to have a short futures position

the balance on margin account is used for covering daily losses stemming from marking to market (a safeguard against default)
initial margin payments are a small fraction of the value of the contract that gives access to gains caused by price changes at very limited costs 

maintenance margin is a particular threshold bellow which the balance on the margin account is not allowed to fall

variation margin is an additional deposit of a counterparty on his margin account that prevents the balance on the margin account to fall bellow the maintenance margin

margin call is the notice of the clearing house to a counterparty to top up the balance on the margin account to the level of the maintenance margin
if additional funds are not provided the clearing house closes the counterparty’s position by a reversing trade (the costs of unprofitable transactions are born by a delinquent trader) 
c) marking to market
 marking to market is an accounting procedure by which the profits or losses of every day’s trading accruing to the counterparties as a result of that day’s change in the futures price have to be received or paid
by marking to market the potential loss from price changes is diluted into limited day-to-day price fluctuations and default risk is thus minimized 
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 … closing futures price at the end of the next day 
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futures price closes at a higher level: 
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 i) the long counterparty makes the money by holding the futures contract during the day 
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; he could eventually close out the position (sell the contract) at a better price)
the long’s margin account is credited with the gain (the margin account’s balance increases by the amount
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ii) he short counterparty loses the money by holding the futures contract during the day 
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; he could eventually close out the position (buy the contract) at a worse price)

the short’s margin account is debited with the gain (the margin account’s balance declines by the amount
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futures price closes at a lower level: 
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- an accounting loss for the long counterparty and an accounting gain for the short counterparty

- the long’s margin account is debited and the short’s margin account is credited by the amount
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d) termination of futures contract
i) closing out the contract by taking out an offsetting position before delivery day

- seller of the contract buys an equivalent contract (at a given market futures price)
- buyer of the contract sells an equivalent contract (at a given market futures price)
the difference between the price when the contract was opened and the price when the contract was closed is the trader’s profit or loss 

a large majority of financial futures are closed out before maturity

ii) holding the open position to the delivery day 

- physical delivery: the long counterparty takes the underlying asset from the short counterparty and pays for it a price 

- cash settlement: financial compensation that involves only transfer of cash between the long and the short 
delivery process involves a sequence of steps that must be completed in a specific order and at specific times
it is initiated by the buyer who is notifying the clearing house about intention to take delivery

the clearing house matches long and short positions and assigns a short to make delivery to a long

the short delivers an eligible asset to the long and the long makes payment to the short at the invoice price 
cheapest to deliver decision occurs when there is more than one type of eligible asset that can be delivered against the contract  

e) convergence of spot and futures prices on the delivery date
the possibility of physical delivery of the underlying asset guarantees convergence of futures and spot prices on the delivery date

basis = spot price ( futures price = S – F  



[beware of the alternative convention B = F – S that is also used!] 
- basis is significantly negative just prior to the delivery date (F = 100, S = 80)
( selling futures contract (+100), buying the good in the spot market and making delivery to the buyer of the futures contract (–80)
- basis is significantly positive just prior to the delivery date (F = 80, S = 100)

( buying futures contract and taking delivery (–80), selling the good in the spot market (+100)
selling the good short (+100), buying futures contract (–80) and giving the good back
no arbitrage condition requires the base to be zero on the delivery date otherwise substantial arbitrage profits can be made

Exchange Delivery Settlement Price (EDSP) is a closing price on the last trading day

EDSP is determined by the clearing house according to an exact procedure

EDSP formula is a practical counterpart of the theoretical condition of zero basis achieved on delivery date
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contango is a situation of a negative basis when the contract is traded 

backwardation is a situation of a positive basis when the contract is traded

plus or negative sign of the basis of a futures contract depends on the so-called cost of carry
spread is the difference between the two futures prices
 spread is usually defined as the futures price of a shorter maturity contract minus the futures price of a longer maturity contract (the opposite convention is also used) 

short selling is an arrangement that initially involves the sale of a security that is not currently owned by the seller but is borrowed from the seller’s broker; at the end of the agreement the security is bought in the open market and handed over to the broker

f) hedging property of futures contracts
by holding a futures contract to maturity the trader can lock in the price of the contract’s underlying asset at the level at which the contract was opened



gain/loss in the futures contract + paying a market price in the spot market  









   = paying an opening futures price 
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 … futures price at which the long position was opened
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 … settlement price of the futures contract
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 … spot price of the underlying asset when the futures contract matures
a total cash outflow (gain/loss as a result of marking to market plus buying the asset at a spot price): 
marking to market:  
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convergence of futures and spot prices: 
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total cash outflow = 
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hedging with futures contracts is possible only on delivery dates where the basis is zero, otherwise the trader is exposed to the basis risk 
total cash outflow =
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= futures price – basis  
g) pay-off from futures contract
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 … market price of a futures contract at which the contract was opened and held to maturity
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 … market price at which the asset can be bought/sold in the spot market at maturity of the futures contract
gain/loss for the long = 
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gain/loss for the short = 
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Pay-off from the long futures




Pay-off from the short futures




h) quantitative limits on trading
daily price limits stipulate that futures prices must fluctuate within a band centered on the settlement price at the close of the previous trading day

futures price rises above the upper limit (drops bellow the lower limit) ( the market closes limit-up (limit-down), i.e. the trading is suspended for the remainder of the trading day or some shorter period

the idea is to ensure an orderly market by giving market participants a cooling-off period with a chance to reassess their positions

position limits are a maximum number of contracts an individual trader or a group of traders acting in accord can open for speculative purposes 

position limits should protect trading against speculative abuse of financial leverage of futures contract
 corning the market occurs when a large number of long futures positions in combination with controlling supply of the underlying asset succeeds in shooting the price of the underlying asset up (it becomes difficult for shorts to close their positions and to deliver the assets for a reasonable price) 
(
	
	Day

	
	Opening
	1
	2
	3
	4
	5

	Closing futures price
	
	1100
	1200
	1050
	950
	900

	Buyer (long)
	
	
	
	
	
	

	        Marking to market
	
	+100
	 +100
	 -150
	 -100
	-50

	        Variation margin
	
	
	
	
	 50
	  50

	        Margin account balance
	200
	300
	400
	250
	200
	200

	        Total gain/loss
	
	100
	200
	50
	-50
	-100

	Seller (short)
	
	
	
	
	
	

	       Marking to market
	
	 -100
	 -100
	 +150
	 +100
	   +50

	       Variation margin
	
	100
	100
	
	
	

	       Margin account balance
	200
	200
	200
	350
	450
	500

	       Margin call
	
	100
	100
	-
	-
	-

	       Total gain/loss
	
	 -100
	 -200
	 -50
	 50
	100

	Initial margin
	200
	
	
	
	
	

	Maintenance margin
	200
	
	
	
	
	

	Opening price
	1000
	
	
	
	
	


Suppose that the futures contract matures on the last 5th day. The closing price is equal to that day’s market spot price. 
A long counterparty can buy an underlying asset at a price: 


900 (spot price) + 100 (futures loss) = 1000 (opening futures price)

 A short counterparty can sell an underlying asset at a price:

900 (spot price) + 100 (futures gain) = 1000 (opening futures price)
(
II.  EXAMPLES OF FINANCIAL FUTURES CONTRACTS 
four broad classes of financial futures:

i) short-term interest rate futures (UA is a short-term deposit)

ii) long-term interest rate futures (UA is a government bond)

iii) currency futures (UA is a foreign currency)

iv) stock index futures (UA is a stock index)

exchanges where futures contracts are traded are constantly introducing new contracts, deleting contracts or changing specifications of existing contracts

2.1  Stock index futures
	Name of the contract
	LIFFE FTSE 100 index futures1)

	Unit of trading
	Value of £10 per one index point2)

	Delivery months
	March, June, September, December

	Last trading day
	10:30, third Friday in delivery month

	Delivery day
	First business day after the last trading day

	Quotation
	Index points

	Tick size
	0.53)

	Tick value
	£ 5

	Initial margin
	£ 10004)

	Spread margin
	£ 100

	EDSP
	Average of the FTSE 100 index every 15 seconds inclusively between 10:10 and 10:30 (London time) on the last trading day. Of the 81 measured values, the highest 12 and lowest 12 will be discarded and the remaining 57 will be used to calculate the EDSP. Calculation will be rounded to the nearest half index point.  


1) FTSE 100 index is an index of the share prices of Britain’s largest 100 companies by market capitalization; compiled by the Financial Times; covers about 74 % by value of all UK shares.

2) E.g. value of the index of 5812.5 represents the contract value of £ 58125.

3) Two ticks are equivalent to one full index point (FTSE 100 is rounded to the nearest one place of decimal).
4) Initial margin is about 1.7 % of the value of the contract.
termination of the contract









i) closing out position
tick change = 2 ( (5812.5 – 5825) = - £ 25


total loss = number of contracts ( number of ticks loss ( value per tick

 = 20 ( 25 ( 5 = £ 2500 
the total loss is the accumulated sum of five daily marking to market amounts 

ii) delivery 
the contract has to be settled for cash because it is not possible to deliver a physical index

the invoice amount is determined by the difference between the EDSP and the settlement price on the day before the last trading day

the sum is handed over by the long to the short in final settlement 

invoice = 20 ( 2 ( (5810.5 – 5812.5) ( 5 = - £ 400  

2.2  Currency futures 

	Name of the contract
	CME Euro currency futures

	Unit of trading
	€ 125000 traded against the US dollar1)

	Delivery months
	January, March, April, June, July, September, October, December plus spot months

	Delivery day
	Two business day after the last trading day

	Quotation
	US$ per € (four decimal places)2)

	Tick size
	0.01 cents per €, 0.0001 $ per €

	Tick value
	$ 12.53)

	Initial margin
	? ? ?

	EDSP
	The CME official closing price on the last trading day.


1) The buyer of the contract is expecting to receive € 125000 and to make payment for this in dollars. The seller is expecting to receive a sum of dollars and to pay € 125000 for this.

2) The price is quoted in exactly the same way as foreign exchange is quoted (i.e. 1.1455 $ per €).   

3) Tick value = tick size ( size of the contract = 0.0001 ( 125000 = $ 12.5.

 

i) closing out position
tick change = 12383 – 12311 = 72
total gain = number of contracts ( number of ticks gain ( value per tick

 = 1 ( 72 ( 12.5 = $ 900 

ii) physical delivery 
the invoice amount is the price of the underlying asset at the EDSP exchange rate (spot exchange rate on the delivery day) 
invoice = 1.2401 ( 125000 = $ 155012.5

this amount is paid by the long to the short in exchange for receiving € 125000 

locked in exchange rate USD/EUR 
total gain from marking to market = (12401 – 12311) ( 12.5 = 90 ( 12.5 = $ 1125 

USD/EUR = 
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2.3  Short-term interest rate futures
	Name of the contract
	LIFFE three-months sterling interest rate futures contract (ST3)

	Unit of trading
	£ 5000001)

	Delivery months
	March, June, September, December2)  

	Last trading day
	11:00, third Wednesday of the delivery month

	Delivery day
	First business day after the last trading day

	Quotation
	100.00 minus rate of interest (%)3)

	Tick size
	0.01 % on annual basis

	Tick value
	£ 12.54)

	Initial margin
	£ 500

	Spread margin
	£ 225

	EDSP
	BBA LIBOR (British Bankers’ Association London Interbank Offered Rate for three-month sterling deposit at 11:00 on the last trading day (rounded to three decimal places) 


1) In case of physical delivery the buyer of the contract is expected to allocate a £ 500000 three month time deposit at an eligible bank on the delivery date, the facility being arranged by the contract seller (at present only the cash settlement is available)

2) Along with four basic delivery months other serial months are added such that 22 delivery months are available for trading  (details are published in a trading calendar).

3)  For example the futures price 90.50 means that an interest rate of 9.5 % can be locked in for three months on the delivery day. 

4) Tick value = 500000×0.0001×¼ = £ 12.5

 


i) closing out position
tick change = 9055 – 9050 = 5
total gain = number of contracts ( number of ticks gain ( value per tick

 = 10 ( 5 ( 12.5 = $ 625.00 
the long’s margin account balance = 5000 (initial margin) + 625 (marking to market) 

effective rate of return
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ii) cash settlement 
the invoice amount is determined by the difference between the EDSP and the settlement price on the last trading day (70 ticks)

invoice = 10 × (9125 – 9055) × 12.5 = £ 8750

iii) physical delivery 

on the delivery date the short (selected by the clearing house) arranges a 3M time deposit of £ 500000 at an eligible bank

locked in 3M deposit rate = EDSP (a market rate) + implied futures rate 
= 8.75 % +
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= 8.75 % + 0.75 % = 9.5 % (as required)

the long must be also compensated by the short in case that the actual deposit rate differs from the EDSP rate (the lock in rate must be the rate at which the futures contract was opened) 

2.4  Long-term interest rate futures
	Name of the contract
	LIFFE long gilt futures contract

	Unit of trading
	Imaginary gilt with £ 100000 nominal value and YTM of 7 %

	Delivery months
	March, June, September, December

	Last trading day
	11:00, two business days prior to the last business day in the delivery month

	Delivery day
	Any business day in delivery month (at seller’s choice)1)

	Quotation
	Per £ 100 nominal

	Tick size
	£ 0.01

	Tick value
	£ 102)

	Initial margin
	£ 2000

	Spread margin
	£ 250

	EDSP
	The LIFFE market price at 11:00 on the last trading day


1) Any gilt on the List of Deliverable Gilts may be delivered as published by the Exchange on or before the tenth business day prior to the first notice day of the delivery month
(examples of not eligible bonds: index -linked, variable rate, partly redeemed, callable within a given period, convertible, and others)  
2) Tick value = 0.01 × 100000 /100 = £ 10.
i) closing out the position






tick change = 9123 – 9138 = -15

total loss = 15 × 10 = £ 150

ii) physical settlement
a) price (conversion) factor
price factors put eligible bonds (different “bond grades”) on roughly equal footing

futures price of eligible bond = futures price ( price factor of the bond 
price factor is calculated as the clean price (i.e. without accrued interest) per £ 1 nominal at which the bond has a yield to maturity of 7 % (equal to the contract’s underlying imaginary gilt)

price factor is calculated for the first day of the delivery months and adjustments are made for accrued interest where the first day of the delivery month does not coincide with a coupon payment day (see example)
price factors remain constant during the delivery cycle

there are different price factors for each eligible bond and for each delivery month

price factors are published by the Exchange
b) cheapest to delivery bond (the CTD bond)

the short counterparty may choose any eligible bond (from a given list) for delivery

the cheapest to delivery is the bond that gives the largest return from the so-called cash-and-carry transaction; the return itself is called implied repo rate ( the CTD bond is a bond with the largest implied repo rate
cash-and-carry transaction involves buying the bond with borrowed funds in the spot market and selling it into the futures market

cash outflow: purchasing price of the bond + interest cost of borrowing

cash inflow: selling futures price of the bond (futures price × price factor) + accrued interest + reinvested coupon  

implied repo rate = 
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cash-and-carry transaction is equivalent to a sell and repurchase agreement (repo): the short buys a bond with a provision to sell it back at a predetermined price and to receive a rate of interest (the repo rate)

c) choosing delivery date
the short can deliver the CTD bond on any business day of the delivery month but in practice only the first and the last business days are ever used

current yield on the bond > money market interest rate ( the bond will be delivered on the last business day (the short earns more by holding the bond then by delivering it and investing the proceeds in the money market)
 current yield on the bond < money market interest rate ( the bond will be delivered on the first business day (the short earns more by delivering the bond and investing the proceeds in the money market than by holding the bond)
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d) invoice
when the CTD bond is delivered the long pays the short an invoice amount

invoice = 
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by paying this amount the long gets a yield to maturity of 7 % on his holding of the CTD bond as required by the futures contract
♦
A bond with nominal value of £100 pays a semi-annual coupon of £4 (i.e. 8 % on annual basis). Today is 1 April 2009 and the last coupon payment day was 18 November 2008. On that day the bond had 12 years remaining to maturity. The current market price (i.e. on 1 April 2009) of the bond is £99.13 and the June long gilt futures is trading at 88.19. Money market interest rate is 8 %.



i) computing the price factor of the bond
bond price on 18 November 2009 at YTM of 7 % (there are 22 future semi-annual coupon payment periods remaining to maturity)
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bond price at the beginning of delivery month for which price factors are computed (there are 170 days between first day of delivery month and next coupon payment date)
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deduction of accrued interest between previous coupon date and the beginning of delivery month because price factors are computed on clean price basis (there are 14 days between last coupon payment and first day of delivery month)
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price factor is scaled down to £1 nominal value
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ii) choosing the delivery date
computing the current yield of the bond on 1 April 2009 (it is the day where the short makes decision about purchasing the bond)

on 1 April 2009 the bond price includes 134 days’ accrued interest from previous coupon payment date
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current yield (8.32 %) exceeds money market interest rate (8 %) therefore the short chooses the last business day of delivery month as delivery date

iii) computing implied repo rate
cash outflow from cost-of-carry transaction 
purchasing price of bond on 1 April = 99.13




interest cost on 90 days’ loan (from 1 April to 30 June) = 
[image: image36.wmf]365

90

08

.

0

13

.

99

´

´

 = 1.96

total cash outflow = 101.09
cash inflow from cost-of-carry transaction 

anticipated selling price of the bond on delivery date (current futures price × price factor) = 88.19×1.077578 = 95.03
coupon received on 18 May and reinvested for 43 days (to delivery day) at money market rate (assumed equal to the current rate) = 
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accrued interest on 43 days (from coupon day to delivery day) = 
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total cash inflow = 100.01
implied repo rate = 
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(
III.  MODEL COST-OF-CARRY
3.1  Basic formula
cost-of-carry (cash-and-carry) is a model that determines the fair price of forward/futures contracts

no-arbitrage condition postulates that a risk-free strategy that uses no individual’s own wealth must give zero profit

model variables:
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 ...
current spot price of underlying asset 
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... current futures price of underlying asset
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… time to maturity of futures contract 
 r  ... annual carries cost (cost incurred by holding the asset such as insurance, storage, deterioration and interest on loan)

d … annual return from holding the asset (coupons, dividends, convenience yield)
cash flow from the cost-of-carry trading strategy

now:
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(taking a loan on buying the asset)
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(purchasing the asset in the spot market)
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(selling the asset in the futures market) 

carrying period:
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(earning any income from holding the asset)
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(incurring any costs from holding the asset including interest on borrowed funds)

maturity:
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(making delivery into the futures market)
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(repaying the loan)

the strategy involves no individual’s own wealth and no risk, therefore no-arbitrage condition implies any profit from the transaction
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cost-of-carry formula
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carry can be positive (backwardation) or negative (contango) depending on the nature of the underlying futures contract
alternative derivation

now:
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(borrowing the asset and selling it short)
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(opening a time deposit)
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(purchasing the asset in the futures market) 

carrying period:  
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(transferring any income from holding the asset back to the owner)
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(earning interest on time deposit)

maturity:
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(taking delivery from the futures market)
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(terminating the time deposit)

the strategy involves no individual’s own wealth and no risk, therefore no-arbitrage condition implies any profit from the transaction
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rearranging the equation gives
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any violation of the cost-of-carry formula indicates the existence of arbitrage profits that could be captured by a well designed trading strategy
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cash flow from cost-of-carry strategy involving two futures contracts
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[image: image62.wmf]1

T



[image: image63.wmf]2

0

F

… current price of futures contract with a farther delivery date 
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now:
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(decision to take a forward loan at 
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(decision to buy the asset in the futures market with delivery
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(decision to sell the asset in the futures market with delivery
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carrying period:
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(earning any income from holding the asset)
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(incurring any costs from holding the asset including interest on borrowed funds)

maturity:
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(making delivery into the futures market at
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(repaying the loan at 
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no-arbitrage condition
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3.2  Valuation of open futures contracts
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 (the contract allows to buy the asset on delivery at a price
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for the long the value of the futures contract is the present value of the amount by which the current futures price exceeds the delivery price 
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application of the cost-of-carry formula gives
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the value of the futures contract at time it is first entered into is zero
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the price of futures contract in case of continuous compounding 
approximations: 
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cost-of-carry formula
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3.3  Fair pricing of currency futures
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 … current forward exchange rate USD/EUR with delivery in T months (futures price of one euro in dollar units)
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 … current T-month euro interest rate 
base currency is the measured currency; it is represented by one unit in the exchange rate quotation (
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 is the base currency’s interest rate)  

variable currency is the measuring currency; it is represented by a number of units in the exchange rate quotation (
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 is the variable currency’s interest rate)
exchange rates are quoted in terms of a number of units of the variable currency that correspond to one unit of the base currency    
                                                                         








                                        

                              
                                         


cost-of-carry strategy
1. borrowing one euro for T months (the amount due after T months is
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2. exchanging the euro into dollars at the spot exchange rate 
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 (after conversion there are 
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 dollars available) 
3. lending dollars for T months at dollar interest rate (after T months there will be 
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 available)

4. selling dollars forward for euros at forward rate
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 (after conversion there will be 
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5. paying off euro loan with euros purchased in forward transaction 
no arbitrage condition
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cost-of carry formula 

basis =
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covered interest rate parity 
CIRP states that an exchange rate appreciation/depreciation implied by the futures market will equal the difference between respective interest rates  
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forward discount/premium = interest rate differential
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higher euro interest rate must be offset by a weaker forward euro exchange rate in terms of dollar
forward discount of euro against dollar or forward premium of dollar against euro
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forward premium of euro against dollar or forward discount of dollar against euro
uncovered interest rate parity

UIRP states that an anticipated exchange rate appreciation/depreciation will equal the difference between respective interest rates
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expectations hypothesis = forward exchange rate is the best estimate of future spot exchange rate
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non-deliverable forward

NDF is trading strategy that exploits inconsistency between covered and uncovered interest rate parity in the fixed exchange rate regime 

CZK/DEM 
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CZK is variable currency and DEM is base currency
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forward rate of the Czech koruna in terms of German marks must be weaker

expected spot exchange rare equals current spot exchange rate 

arbitrage strategy:

selling one mark in the forward market for korunas (one mark will be exchanged for F korunas)

immediate conversion of korunas into marks in the spot market (F korunas will be exchanged for 
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a bank may arrange both transactions simultaneously and shares the arbitrage profit with the client; NDF is complicated by a peg to a basket of currencies

3.4  Fair pricing of short-term interest rate futures
in short-term interest rare futures contract the long is expected to open at time 
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 ... spot interest rate for period 
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 (from now until delivery date of futures contract)
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spot price of the underlying asset (a pay-off from the deposit obtained at maturity 
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futures price of the underlying asset (a pay-off from the deposit obtained at maturity 
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carrying cost of futures contract is the interest rate over the period 
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) while the return component is zero (
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cost-of-carry formula (for d = 0)
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cost-of-carry formula is equivalent to the interest rate parity equation
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interest rate parity is a no-arbitrage condition between two investment strategies

a) investing 1 € into a time deposit that matures at time 
[image: image129.wmf]2
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b) investing 1 € into a time deposit that matures at a shorter time 
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 and reinvesting the accumulated value of the deposit for the remaining period 
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3.5  Fair pricing of stock index futures contracts
cost-of-carry transaction
strategy 1:

now: 

purchasing all the shares in the stock index with the appropriate weights

later:

selling the shares in the spot market   

return = 
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 (change in the value of the stock index + dividend yield)

strategy 2:

now:
investing the amount under strategy 1 at the money market interest rate and purchasing a futures stock index contract

later:
terminating the deposit

return = 
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 (difference between the stock index future value and futures price + earned interest)

both strategies have the same initial investment, they are identical in terms of no final holding of shares and they are exposed to the same risk from unknown future value of the stock index ( both strategies should have the same return
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cost-of-carry formula
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practical complications

- transaction costs involved in setting up the cash index under strategy 1; they may become sufficiently high to make unfeasible the replication of return in strategy 2)
- uncertain pattern of payments of dividends under strategy 1 (timing of dividends is irregular and unknown at the beginning of cash-and-carry transaction)

IV.  SPECULATIVE TRADING STRATEGIES WITH FUTURES
4.1  Key features of a speculative trade

speculation is interested in taking either a short or a long position in a particular security in the hope of making a quick short-term profit (extended positions have to be financed that can be expensive)
speculators believe that they have better information than other market participants about
- whether a security is overpriced or underpriced compared with its fair or fundamental value (overpricing motivates to take short positions and underpricing motivates to take long positions)
- whether the arrival of new information will cause the market prices of a security to rise or fall

imperfect rationality of financial markets means that temporary mispricings are possible but any price anomalies are supposed to be corrected rapidly by efficient markets 
fundamental analysis aims to identify a fair (fundamental) value of a security by relating the behavior of prices to the underlying economic factors

technical analysis uses charts to detect patterns in the time series of security prices and argues that these patterns repeat themselves over time; once a particular pattern starts to form the chartists speculate on a given futures course of prices

a wide diversity of views is essential for the liquidity of the market

attractiveness of futures contracts 

- a higher liquidity compared with spot markets (futures positions can be open and close rapidly thanks to a high standardization of futures contracts)
- easy speculation on falling prices by taking short futures positions whereas short selling on spot markets may be subject to some regulation (i.e. the up-tick rule on some Exchanges)

- substantial financial leverage (initial margin is a fraction of the nominal value of the futures contract)

Working of leverage

unlevered rate of return = 
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4.2  Open position trading 
open position trading (directional trading) involves backing a view on the future direction of price changes (high leverage of derivatives imply that those price changes can lead to magnified profits and losses)
long open position trading involves backing a view that prices are going to rise
( speculators will want to buy futures contracts
(
A speculator believes that short-term interest rates are going to fall (futures prices are going to rise). Therefore he decides to buy on LIFFE one December ST3 contract (three-month sterling interest rate futures) at current price 90.50. The contract has initial margin of 500 £, tick-value is 12.5 £. The following table shows the behavior of the contract’s futures price during five trading days and the speculator’s resulting net profit. After five days the futures position is closed by selling the contract.
	Day
	Action
	Fut. price
	Init. margin
	Mark. to m.
	Net gain

	1
	Buy
	90.50
	-500.00
	0
	  -500.00

	2
	Hold
	90.00
	-
	-625.00
	-1125.00

	3
	Hold
	90.25
	-
	+312.50
	-812.50

	4
	Hold
	90.75
	-
	+625.00
	  -187.50

	5
	Sell
	91.25
	+550.00
	+625.00
	   937.50


The speculator makes an overall profit of 937.5 £. Over the period of five days the market went up by only (91.25/90.50 -1) = 0.83 %, but the speculator achieved a return of 937.5/500 = 188 %. 

(
short open position trading involves backing a view that prices are going to fall 

( speculators will want to sell futures contracts
(
A speculator believes that share prices are going to collapse and therefore sells one December FTSE 100 futures contract at the current price 2400. The contract has initial margin of 1000 £ and tick value (equal one half of one index point) is 5 £.  On day 3 the speculator closes his position.
	Day
	Action
	Fut. price
	Init. margin
	Mark. to m.
	Net gain

	1
	Sell
	2400
	-1000
	0
	   -1000

	2
	Hold
	2000
	-
	+4000
	  +3000

	3
	Buy
	1600
	+1000
	+4000
	+8000       


Over the period of three days the market fell by (1600/2400 -1) = 33 %, but the speculator achieved the return of 8000/1000 = 800 % on employed capital. 
(
4.3  Spread trading

spread trading involves the simultaneous purchase and sale of related financial futures contracts (two legs of the spread)
speculator is taking view on what is going to happen to the difference between two futures prices
spread trading is likely to be less risky (because it is based on differences) and as a result of lower risk the initial margin requirements are lower

Development of spreads





the meaning of buying the spread depends on how the spread is defined
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 ( buying the spread involves the purchase of the distant contract and the sale of the nearby contract 
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 (  buying the spread involves the sale of the distant contract and the purchase of the nearby contract 

speculator will buy the spread if he thinks that the spread will widen (becomes more positive or less negative) 
the meaning of selling the spread depends on how the spread is defined
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 ( selling the spread involves the purchase of the nearby contract and the sale of the distant contract 
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 (  selling the spread involves the sale of the nearby contract and the purchase of the distant contract 

speculator will sell the spread if he thinks that the spread will narrow (becomes less positive or more negative)

expected change in the size of the spread is related to the expected change in the cost-of-carry
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intra-contract spread trade involves buying and selling different maturities of the same futures contract on the same exchange (e.g. involvement of 3M December and 3M June interest rate futures contracts)
inter-contract spread trade involves buying and selling different types of futures contracts (e.g. involvement of 3M June sterling contract and 3M September Eurodollar contract)
(
A speculator believes that the cost-of-carry is going to rise and so decides to buy a spread on the three-month short-term sterling futures. He buys one September futures at 90.00 and sells one June futures at 89.50. The contract’s tick is one basis point and the tick’s value is 12.5 £. The initial margin is 225 £. The position has been wound up in the fifth day. 

buying the spread (day 1):
September 90.00 (buy)







    




 June 
89.50 (sell)

spread = 90.00 – 89.50 = 50 ticks

selling the spread (day 5): September 89.00 (sell)








    



June 88.25 (buy)

profit = (75 – 50) ticks ( 12.50 £ per tick = 312.50 £




= [(8900 – 9000) – (8825 – 8950)] ( 12.50
rate of return = 
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on employed capital 
(
butterfly spread is composed of two spreads (bull and bear spread) with a common middle contract

this strategy is used when the middle contract looks out of line with the contracts on either side but it is not clear which contract will adjust in order to correct the anomaly

(
The three maturities of the sterling currency futures display following quotes among which the September contract looks relatively undervalued. The contract’s tick is 0.01 cents per £ and the tick’s value is 6.25 £.
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The butterfly spread is 70 ticks. The speculator buys the butterfly spread that means he buys  the June-September spread (which is expected to widen) and sells the September-December spread (which is expected to narrow). On day 3 the futures prices are following
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The butterfly spread is -10 ticks and the speculator reverses the trade. 

profit = [(50 –10) – (40 – 80)] ticks × 6.25 £ per tick = 500 £

(
4.4  Basis trading
basis trading involves buying or selling a futures contract and simultaneously executing the opposite transaction in the underlying cash security

the meaning of buying the basis depends on how the basis is defined
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 ( buying the basis involves being long in the futures contract and short in the cash security 
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basis

 (  buying the basis involves being long in the cash security and short in the futures contract 
speculator will buy the basis if he thinks that the basis will widen (becomes more positive or less negative) 

the meaning of selling the basis depends on how the basis is defined
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 ( selling the basis involves being short in the futures contract and long in the cash security 
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basis

 (  selling the basis involves being short in the cash security and long in the futures contract 

speculator will sell the basis if he thinks that the basis will narrow (becomes less positive or more negative)

expected change in the size of the basis is related to the expected change in the cost-of-carry
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 (  if a speculator believes that short term interest rates are going to rise he will sell the basis (he buys futures and sells short the cash security) 
(
It is 1 April and the June long gilt futures is trading at 92.38, while the CTD long gilt with a price factor of 1.3032131 is trading at a dirty price of 118 £ per 100 £ nominal value. Money market interest rates are 8 %. Futures contract specifications: nominal value 100000 £, tick size 1 bp, value of tick 10 £.    
Basis (1 April) = 
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A basis trader expects the basis to narrow due to an expected rise of money market rates. He implements the basis trade (he sells the basis, i.e. he buys the futures and sells short the bond) on 1 million nominal of the CTD bond. To be hedged against absolute changes in the bond’s price the trader opens a number of futures contract according to the formula 
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After 20 days the trader observes that the futures contract is trading at 92.88 and the CTD bond is trading at 118.25 £. 
Basis (20 April) = 
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The basis has narrowed and the trader closes his position by selling the futures and buying the bonds. 

profit on futures = number of contracts × number of ticks gained × tick value

 = 
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loss on bonds = number of bonds × loss per bond
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V.  ARBITRAGE TRADING STRATEGIES WITH FUTURES
5.1  Key features of an arbitrage trade

an arbitrage trade aims to exploit pricing anomalies that create so called money machine (i.e. unlimited profits at almost no risk and no cost in case the arbitrage opportunity persists for some time and is not corrected soon)

both arbitrage and speculative trade are designed to profit from perceived misvaluations but the arbitrageur hopes to make profits at minimal risk while the speculator hopes to make profits by taking on risk

arbitrage has a key role in determining the fair values of securities
features of arbitrage portfolio: 1. it uses no net wealth

2. it is riskless

3. it generates a real return in excess of the riskless rate of return

a fair value of a security is determined by the condition that an arbitrage portfolio cannot exist in an efficient market

♦

In New York the euro vis-à-vis the dollar is traded at an exchange rate of USD/EUR = 1.2 (a number of dollars per one euro) while in London it is traded at USD/EUR = 1.3. 

The arbitrage trade: 

1.
one euro borrowed and sold in London gives a revenue of 1.3 dollars

2.
immediate sale of 1.3 dollars in New York gives a revenue of 1.3/1.2 = 1.0833 euros

3.
repayment of loan gives a profit of 1.0833 – 1 = 0.0833 per one euro invested
♦

practical obstacles to arbitrage trades

- arbitrage trades cannot be entirely riskless because during a delay between individual legs of an arbitrage strategy, even if it is only a matter of seconds, pricing anomaly can be corrected

- arbitrage profits can be eliminated by technicalities of futures trading such 
i) variation margins due to marking to market that can arise at any time before delivery of futures contracts
ii) involvement of rounded numbers of futures contracts only 
- transaction costs can substantially reduce and even eliminate trading profits so in presence of transaction costs there can be significant pricing anomalies

♦

Suppose that in the previous example forex dealers in New York and London charge a 10 percent bid-ask spread.















New York




London

bid price (buying 1€ for dollars)




1.08






1.17
mid-point











1.2






1.3

ask price (selling 1€ for dollars)




1.32






1.43
The execution of the previous trade would end up with a loss: 

1.
one euro borrowed and sold to a London’s dealer gives a revenue of 1.17 dollars

2.
immediate sale of 1.17 dollars to a New York’s dealer gives a revenue of 1.17/1.32 = 0.8864 euros

3.
repayment of loan leads to a loss of 0.8864 – 1 = -0.1136 per one euro invested 

 ♦

program trading denotes trading strategies that use computer software which triggers immediate instructions to buy or sell securities after a price anomaly or arbitrage opportunity has been spotted 

5.1  Box arbitrage

box arbitrage is the strategy that replicates the scheme of the covered interest rate parity using futures contracts only

Transactions of covered interest rate parity
1. borrowing 1 euro for 3 months at a euro interest rate
2. exchanging euro into dollars in the spot market 

3. investing dollars at a dollar interest rate
4. exchanging dollars back into euros in the forward market

An arbitrage opportunity exists if the forward transaction leads to euro revenue in excess of the repayment of the euro loan plus interest 

time-security grid

horizontal right-pointing arrow  (  investing or going long

horizontal left-pointing arrow  (  borrowing or going short

vertical arrows  ( exchanging one security for another security 

Transactions of box arbitrage


current date is 15 April
	Maturity
	Euro-dollar currency futures 
(CF)
	Three-month dollar interest rate futures (IF$)
	Three-month euro interest rate futures (IF€)

	June
	1.3265
	89.50
	88.25

	September
	1.3121
	89.50
	88.50


1. selling June IF€ contracts
in June one euro will be borrowed at 
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in September the loan will have to be repaid, due amount will be 
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2. selling June CF contracts

in June one euro will be exchanged into dollars at an exchange rate of 1.3265 USD/EUR

available dollar amount will be 1.3265 USD  
3. buying June IF$ contracts
in June 1.3265 dollars will be invested at 
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in September the loan will be terminated, amount available will be  
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4. buying September CF contracts

in September 1.3613 dollars will be exchanged into euros at an exchange rate of 1.3121 EUR/USD
available euro amount will be 
[image: image165.wmf]0375

.

1

3121

.

1

/

3613

.

1

=

USD

box arbitrage discovers a guaranteed profit of 
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5.3  Conversion arbitrage

conversion arbitrage involves combinations of cash market securities and derivative instruments

the most important example is the cash-and-carry arbitrage that plays a key role in the determination of fair futures prices

long cash-and-carry arbitrage consists of the following steps:

1. borrowing funds at money market and using the proceeds to purchase an underlying asset

2. simultaneous sale of the futures contract to lock in the price at which the underlying asset can be sold at the contract’s maturity

3. receiving the cash flow from the underlying asset 

4. delivering the underlying asset into the futures contract 

5. repaying the loan with interest

short cash-and-carry arbitrage consists of the following steps:

1. shorting (i.e. borrowing and selling) the underlying asset and using the proceeds of short sale to invest in the money market

2. simultaneous purchase of futures contract to lock in the repurchase price of the underlying asset

3. transferring the cash flow from the underlying asset to the asset’s owner

4. obtaining the underlying asset from the futures contract

5. delivering the underlying asset to its owner

switch ratio risk in short cash-and-carry arbitrage
on the delivery of some futures contracts (particularly long-term interest rate futures) the arbitrageur will receive the cheapest-to-delivery asset which may not be the same as the asset he has sold short
the arbitrageur will have to switch out of the delivered asset into the asset he has sold short

short cash-and-carry arbitrage can never be entirely riskless 

VI.  HEDGING TRADING STRATEGIES WITH FUTURES 
6.1  Basic concepts

the aim of hedging is to be protected against uncertainty caused by adverse price movements of a hedged asset

the hedger is a person or a company that transfers all or at least most risk to another person or company (the counterpart of the hedger is a speculator who takes on the risk)

typology of hedging

 forward hedge consists in removing uncertainty by negotiating a specific price for a given future transaction (typical feature of forward contracts)
 futures hedge consists in the selection of a suitable hedging instrument whose price movements mirror closely those of the hedged instrument (loss on the hedged asset is expected to be offset by gain on the hedging asset)

perfect hedge is one in which the price movements of the hedging instrument are perfectly negatively correlated with those of the hedged instrument (in practice not easy to establish)

direct hedge is one in which the hedging instrument involves the same underlying security as the security being hedged
partial hedge is one in which the hedging instrument is imperfectly negatively correlated (it is often better than no hedge at all)
cross hedge is one in which the hedging instrument involves a different security as the security being hedged

long hedge is one that involves a long position in a futures contract
a long position makes a profit when the futures price declines and incurs a loss when the futures price increases

short hedge in one that involves a short position in a futures contract

a short position makes a profit when the futures price increases and incurs a loss when the futures price declines
natural hedge occurs when the overall level or risk has been reduced by an appropriate structure of business operations (i.e. elimination of maturity mismatching between interest rate assets and liabilities, production of export goods from imported supplies)

6.2  Hedging using spot transactions
forward and futures contracts are not technically indispensable for hedging because hedged positions can be created by an appropriate design of spot transactions

disadvantages of spot hedges:
- spot transactions are of fixed term and non-negotiable so it is impossible to unwind the hedge once it has been implemented 

- spot transactions are generally more expensive to implement than futures hedges because a higher number of spot contracts involved increases transaction costs

- spot transactions involve an expansion of the balance sheet (by taking out debt) that may adversely affect the company’s leverage

(
A corporate treasure wishes to take out a three-month loan to begin in two month’s time and is concerned that interest rates will rise over the next two months. 

The treasure could borrow now for five months at the 5M interest rate 
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The treasurer effectively locks in a borrowing rate for 3 months beginning in two months time denoted 
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implicit three-month borrowing rate beginning in two month’s time 
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(
A treasurer expects revenue denominated in euros in one month’s time and is concerned that he will suffer a loss if the exchange rate CZK/EUR depreciates over the next month. 

The treasurer could borrow euros now for one month at a present one moth euro interest rate 
[image: image173.wmf]€
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 and convert euros into CZK at a present spot exchange rate
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By repaying the euro loan from future export earnings the treasurer effectively transfers the future conversion to the present at a present spot exchange rate.

expected export revenue = 
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6.3  Basic elements of futures hedging
hedger’s exposition on the spot market

physical … 
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nominal … 
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i) locking in the future price 

if the hedging horizon coincides with the time to maturity of the futures contract than a hedger can lock in an effective future price obtained or paid for the asset

a) long hedge
the hedger wishes to buy a security (he is short in cash security) ( the hedger opens a long futures position with the hedge ratio 
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when the futures contract matures the hedger buys the security on spot market and collects an amount on his margin account
total cash flow at maturity (
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the future cash flow is certain because all of its components are known at point of time when the hedge has been opened

b) short hedge
the hedger wishes to buy a security (he is long in cash security) ( the hedger opens a short futures position with the hedge ratio 
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when the futures contract matures the hedger sells the security on spot market and collects an amount on his margin account 

total cash flow at maturity (
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the future cash flow is certain because all of its components are known at point of time when the hedge has been opened

practical considerations:
by holding the futures position during the delivery month the hedger risks the physical delivery to happen; making or taking delivery can be a costly and inconvenient
to avoid physical delivery the hedger may close out the futures position earlier in the delivery month or he can choose a contract with a later delivery month

in both cases the hedger is exposed to some uncertainty regarding the effective price at which the asset is purchased or sold (known as basis risk)


[image: image190.wmf]exposure

spot 

on 

 

gain/loss

position

 

futures

on 

 

gain/loss

 

 

efficiency

 

hedge

=


ii) basis risk

basis risk occurs whenever the basis (i.e. the difference between the spot and futures prices) will not be zero at the effective date of the hedge (when the hedging position is unwound)
long hedge:
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short hedge: 
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sources of basis risk:

- the asset whose price is to be hedged may not be exactly the same as the asset underlying the futures contract

- the hedger may be uncertain as to the exact date when the cash asset will be bought or sold on spot market

- the hedger may require the futures contract to be closed out well before its expiration date

iii) estimating the basis by linear interpolation
if the convergence of the spot and futures prices is assumed to be smooth and linear then the hedger can estimated the size of the basis using the method of similar triangles
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[image: image194.wmf]t
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iv) interpolative hedge 
interpolative hedge is a method of hedging the basis risk; the strategy can be used whenever the exposure date of the hedge lies between two trading futures contracts

steps in using an interpolative hedge:

a) estimation of a current price of a fictive futures contract whose maturity date coincides with the exposure date of the hedge (using linear interpolation)
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the method of similar triangles gives 
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b) computation of the optimal number of fictive futures contracts 
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the hedge ratio can be set to 1 because the fictive futures contracts are held to maturity and the hedger wants to lock in the future price of the underlying asset at a level of 
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c) the hedger must reproduce the payoff of the fictive contracts with the existing futures contracts
the hedger divides the number of fictive futures contracts 
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 the strategy of interpolative hedge thus involves selling 
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d) the interpolative hedge is not technically feasible beyond the expiry date of June contracts 
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maintaining a given number of futures contracts for hedging purposes 
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the hedger buys back 
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the hedger is now exposed to the basis risk at the end of the hedge horizon 
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 because he holds only September contracts whose expire date comes after the end of the hedge horizon (the basis 
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e) the problem can be partially solved by buying 
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September-December spreads that will to some extent offset an opposite change in the spot-September basis

f) at the exposure date of the hedge 
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 the hedging strategy is unwound (all futures contracts are closed up) 

net balance of all cash flows from interpolative hedge available at the exposure date 
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 … cash from September contracts sold at 
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 … cash from September contracts that replaced expiring June contracts; they were sold at 
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 … cash from December contracts bought at 
[image: image236.wmf]J

t

as a part of the September-December spread; they were sold back at 
[image: image237.wmf]E

t

 

the items of the total cash flow can be decomposed into the following groups:

certain cash outflow at 
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two offsetting spreads at 
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partially offsetting basis and spread at 
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extrapolative hedge is used whenever the exposure date of the hedge lies beyond the most distant trading contracts 
v) minimum variance hedge ratio
the hedge ratio of 1.0 is not necessary the optimal one when the end of the hedge horizon differs from the expiry date of the futures contract

 the hedging then consists in exploiting mutually offsetting changes in the spot and futures exposures (a long exposure on one market is offset by a short exposure on the other market)
change in the spot exposure = 
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change in the futures exposure = 
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change in value of the hedged portfolio =
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the optimal hedge ratio is one that minimizes the variance of the hedge portfolio
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differentiation with respect to h and setting to zero gives
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optimal hedge ratio 
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optimal number of futures contracts 
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the optimal hedge ratio 
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 is the product of correlation between 
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if the futures price mirrors the spot price perfectly then the hedge ration is 1
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the higher is the volatility of the futures price relative to the volatility of the spot price, the lower is the number of futures contracts that is needed to hedge a given spot exposure

the optimal hedge ratio is the slope of the best fit line when 
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 is regressed against 
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(the formula for the optimal hedge ratio is identical to the regression coefficient) 
6.4  Some practical examples of hedging using futures
a) hedging with short-term interest rate futures
(
A company is expecting a cash inflow of 2 million pounds in two months’ time which will be invested in a three-month deposit account. The company is concerned that short-term interest rates are going to decline and wants to be protected against this risk. Because the company is short on the spot market it puts on a long hedge by purchasing ST3 June interest rate futures contracts. The hedge is going to be almost perfect (the underlying is identical with the cash investment) so the hedge ratio is set to one. 

number of contracts = 
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The summary of market data:

	
	Spot market
	Futures market

	Today
(15.4)
	3M  interest rate is 11 %
	Purchasing 4 futures ST3 contracts at a price of  F1 = 88.5 (11.5 %)

	In 2 months (15.6)
	Investing 2 mil £ in 3M deposit at an interest rate of 9 %
	Selling futures contracts at a price of F2 = 90.5 (9.5 %)


loss in the spot market (the company is hit by the interest rate drop)
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gain in the futures market (the long position benefits from an increase in futures price

4 contracts ( (90.5 – 88.5) ticks ( 12.5 tick value = 10 000 £
hedge efficiency = 
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The futures position showed a profit that completely compensated the loss in the spot market.
(
b) hedging with stock index futures
(
On 1 April a pension fund manager is uncertain about where the market is going over the next three months and wishes to hedge 1 million £ of his equity portfolio which has a beta of 1.15. Because the fund manager is long in the cash market he will need to be short in the futures market. He decides to use LIFFE FTSE 100 stock index futures. The FTSE 100 index is currently standing at 2204 and the value of the June futures contract is 2300.

i) determination of the number of contracts
(V (decline in portfolio value) = Z (gain on the futures position)
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    (portfolio beta measures the responsiveness of the portfolio’s value to the change in the market index)
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(n is the number of contracts, q = 10 £)
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 (the cost-of-carry is assumed to be a constant number)


[image: image268.wmf]P

P

qF

V

F

F

S

S

qF

V

n

Z

V

b

b

´

=

D

D

´

=

Þ

=

D

0

0

0

0

0

0

/

/




[image: image269.wmf]50

15

.

1

2300

10

1000000

beta

 

portfolio

 

contract

 

futures

 

one

 

of

 

 value

face

portfolio

stock 

 

 the

of

 

 value

face

 

 

contracts

 

of

number 

=

´

´

=

´

=


The portfolio manager sells 50 June stock index futures contracts.

ii) locking in the portfolio value at expiry of June futures
Suppose that on June 30 when the June futures contract matures there is a fall in the index to 1700 (the stock market fell by almost 23 %).

terminal value of unhedged portfolio 
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gain on futures position (
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terminal value of hedged portfolio
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predicted value of the hedged portfolio (determined from observable variables)
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a small deviation from true terminal value is caused by the applied approximation (the approximation is fairly good for small relative changes) 
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iii) estimating the basis
If the fund manager wishes to hedge only until 1 June (and not until expiry date) then there is some risk that the futures price will not move in line with the spot price. He may lose on both sides of the hedge (falling spot price and rising futures price).   
terminal value of hedged portfolio 
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 is the basis

fund manager cannot lock in the portfolio value on 1 June because he does not know the size of the basis; he can only estimate the basis (i.e. by linear interpolation)

number of days from 1 April (now) to 30 June (expiry date of June futures) = 91
number of days from 1 June (exposure date of the hedge) to 30 June = 30
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fund manager might expect to lock in the hedged portfolio on 1 June
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Suppose that on June the spot index had fallen to 1900 and the futures index had fallen to 1950. 

actual terminal value of hedged portfolio on 1 June
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The hedge is worse than anticipated but it is still much better that not hedging at all.
iv) interpolative hedge
Suppose that on 1 April a fund manager wishes to put a hedge on his 1 million stock portfolio for 1 August. This date lies between expiry dates of June and September futures contracts. The June contract is momentarily trading at 
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. The fund manager initiates the strategy of an interpolative hedge. Suppose that on 30 June when expiring June contracts are replaced by September contracts and the fund manager buys September-December spreads the cash index and June index are standing at 
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 Finally on 1 August when the hedge is unwound, the spot index is 
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strategy for an interpolative hedge

number of days from 30 June to 30 September = 
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number of days from 1 August to 30 September = 
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number of days from 30 June to 1 August = 
[image: image292.wmf]32

=

-

J

E

t

t


hypothetical current price of a futures contract expiring on 1 August 
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anticipated value of hedged portfolio on 1 August 
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number of fictive August futures contracts 
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decomposition of fictive August contracts into June and September futures contracts
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net balance of all cash flows at the exposure date
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profit on June contracts sold at 
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profit on September contracts sold at 
[image: image302.wmf]0

t

 and bought at 
[image: image303.wmf]E

t



[image: image304.wmf]91800

)

2365

1825

(

10

17

)

(

0

=

-

´

´

-

=

-

-

S

S

E

S

F

F

q

n


loss on September contracts that replaced expiring June contracts; they were sold at 
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loss on September contracts sold at 
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profit on December contracts bought at 
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total value of hedged portfolio
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c) hedging with long-term interest rate futures
long-term interest rate futures are a convenient instrument for hedging the market risk of bond portfolios (the value of bond portfolio will fall as a consequence of an interest rates increase)

spot market alternative: dispose of the bonds and repurchase them after interest rates have risen (this would involve transaction costs and there is no guarantee of being able to repurchase the same portfolio of bonds)

hedging the CTD bond

cost-of-carry relationship (ignoring the cost-of-carry component)
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 is price factor of the CTD bond
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 is market value of the CTD bond
change in spot exposure
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change in futures exposure
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[image: image321.wmf]q

 is face value of one futures contract
number of futures contracts for hedging the sport exposure
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hedging a non-CTD bond

change in spot exposure
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duration relationship
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assuming parallel percentage yield curve movements
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number of contracts (
[image: image329.wmf]F

H

V

V

D

=

D

)

[image: image330.wmf]DHR

p

q

V

P

D

P

D

p

q

V

r

r

P

D

r

r

P

D

p

q

V

P

P

p

q

V

n

CTD

H

CTD

CTD

H

H

CTD

H

CTD

CTD

CTD

CTD

H

H

H

H

CTD

H

CTD

H

CTD

H

´

´

=

´

´

´

´

=

+

D

´

´

-

+

D

´

´

-

´

´

=

D

D

´

´

=

1

1


the expression DHR is called the duration hedge ratio
♦
A fund managers wishes to hedge his € 10 million bond portfolio against interest rate decline by opening a long position in long-term June interest rate futures contracts. One futures contract has a nominal value of 100000 €. The CTD bond to the contract is a Treasury whose price factor is 1.3032131, the duration is 11.6 years and the bond is currently trading at 118 (per 100 € nominal). Suppose that the duration of the portfolio is 14.2 years (value-weighted average of the durations of the individual bonds) and the value-weighted average price (per 100 € nominal) is 110.125. How many futures contracts the fund manager has to buy?
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The number of futures contracts necessary to hedge the given portfolio is 149.

♦
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Selling a contract
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