FUTURES MARKETS AND FUTURES TRADING

Objectives 

The purpose of this module is to provide students with an understanding of futures markets and futures market instruments with a view to using these instruments in investment portfolios and in their management. 

Students are expected to initially review the basic background on the characteristics of futures contracts, futures markets in Australia and the theoretical aspects with regard to their pricing behaviour and their valuation. Special emphasis is expected to be placed on how futures contracts can be used for speculation, risk management and hedging and profit arbitrage activities. The problems and imperfections associated with achieving these objectives should be understood.

Reading references


BKM - Chapter 22, chapter 23 (omit sections 4 and 5)


Pierson, Bird, Brown - Chapter 15


Handbook of Australian Corporate Finance - chapter 17


Lewis and Wallace - The Australian Financial System - chapter 11



The topics are arranged as follows

1.  Introduction 

2.  The features of futures contracts and futures markets

3. Pricing futures contracts 

4. Trading strategies with futures 

5. Risk Hedging with Futures Contracts and Hedging Imperfections

1.  Terminology and basic concepts in forward and futures contracts 

The forward contract 

A forward contract is an agreement between two parties to exchange a commodity at a future date at a price agreed on today. 

The futures contract 

A futures contract is a standardized forward contract that is traded in an organized market. The Sydney Futures Exchange is the organized futures market in Australia.

Standardization means that in a particular class of contract the following features are identical:

- the quantity of the commodity traded

- the quality and other specifications of the commodity

- the delivery period 

Some financial futures contracts traded on the Sydney Futures Exchange: 

	Contract
	Contract unit
	Deposit (margin)
	Settlement

	Individual shares:

BHP, NAB, News Corp. etc
	1000 shares
	
	Cash or in shares

	Bank Accepted Bills 
	$ 500,000 face value
	$ 350
	physical delivery 

	ASX 200 Share Price Index
	Index  value  X  $25
	$ 2000
	cash

	3 year C'wealth T-Bond
	$ 100,000 face value, 12% coupon
	$ 800
	cash

	10 year C'wealth T-Bond
	$ 100,000 face value, 12% coupon
	$ 2000
	cash

	Australian dollars (against US$) 
	A$ 100,000
	
	cash



Buy and sell positions in the futures market

A buy or long position is a contract to buy the commodity specified in the contract. 

i.e. Investor Paul contracting to buy a December stock index futures contract on 1 Sept. is long on index futures. 

A sell or short position is a contract to sell the commodity specified in the contract. 

Farmer Jane contracting to sell a December wool futures contract on 1 Sept. is short on wool futures.

The Clearing House

The opposite side to every trader's buy or sell trade is taken up by the Clearing House. As a result the clearing house provides 

(i) a guarantee of performance to the trader and thereby,

(ii)  liquidity to the futures market. 

Discharging a contract

A person who has an open position can later take an opposite position to close out the position. Less than 3% of futures contracts entered into culminate in physical delivery of the commodity.

The cash or spot market price (St) - the price at which the commodity specified in the futures contract is traded (at time t) on a spot basis.

The futures price ft(T)
This is the price at time t, that traders contract to pay or receive when the underlying commodity is exchanged on the delivery date, T.
Examples 

1. All ordinaries share price index (SPI) contract (on 1 May)

Delivery month
Futures price

Cash price
Sept 


2025.0 

2040


Purchase price = 2025 x 25 = $ 50,625


The convergence of the futures price and the physical market price or spot price.
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At any time prior to contract delivery, the futures price usually differs from the spot price. As the delivery date approaches the futures price and spot price will converge and on the delivery date the futures price and the spot price will coincide.

Futures price at delivery date

fT(T)
= ST
Basis

Basis measures the difference between the spot and futures prices at a given time.

Basis 
=  Spot price - Futures price



Bt 
=  St - ft
When the futures contract expires, the basis must be zero. This is the convergence of basis. 



BT 
=  0

Gains/losses from futures contracts

Once a futures contract is bought (or sold), the price for delivery (or acceptance) of the commodity under the contract is fixed. But the futures price of the commodity in the market changes with the passage of time. Therefore when the contract is closed out or discharged a gain or loss will result. 

Example

Suppose on March 1 the September SPI 200 futures contract is priced at $3550. On this date you take a long position on a contract. On April 1, the futures price is $3600. What is the gain/loss on your contract on April 1? 


Purchase price on March 1


= $ 3550


Futures price on April 1


= $ 3600


Gain in contract on April 1


= $ 50

On May 1, the futures price is $3400. If you now close your position on May 1, what is your gain/ loss realized in the futures market?


Purchase price on March 1



= $ 3550


Selling price on May 1



= $ 3400


Loss on futures trading



= $ 150

Note that all amounts are multiplied by $25 in actual trading.

Futures Prices and the Value of Futures Contracts 

Value of futures contract time t

Vt(T) 

Value of futures contract (before marking to market)

   

Vt(T) = ft (T) – ft-1 (T)
The Cost of Carry model - (The relationship between the futures price and the spot price.)







0







T




Spot price      = S0





Spot price  = ST 


Futures price = f0 





Futures price = fT
Cost of carry 
= (



(includes the opportunity cost of capital or interest cost)

Consider the following risk-less strategy

Time 0







Time T
Buy spot @ S0 





Sell spot @ ST


Sell futures @ f0





Buy futures @ ST
Profit/loss on futures

=
f0 - ST 


Profit/loss on spot trading
=
ST - S0 - ( 

Net profit/ loss

(
=
f0 - S0 - (
 

( should equal zero, because in this riskless strategy there should be zero reward. Note that the risk free return on investment is already included in (.   




(
(
= 
0



f0 
= 
S0 + (
The cost of carry model says that the futures price must exceed the spot price by the cost of carry, if the cost of carry is positive.   

The cost of carry can be further broken down into:


(i)
carrying cost, and


(ii)
carrying return (which reduces the value of the



cost of carry)

Carrying costs are associated with interest, and storage of physical commodities, for example.  The carrying returns are usually zero, but examples might be dividends on a stock portfolio, or coupon payments on debt securities.

The Cost of Carry Model applied to Share Futures

Consider the following risk-less strategy

Time 0






Time T

Buy stock at spot  S0




Sell stock ST









Collect dividend DT
Sell futures  f0





Buy futures fT = ST
Cash flow at delivery in futures
= f0 - ST
Cash flow at delivery in spot market
= ST + DT
Total cash flow


= f0 + DT

Present value of cash flow
= 
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= S0




f0   =  S0 (1+r)T - DT
The Cost of Carry Model applied to Stock Index Futures

In a stock index portfolio, the dividend payments are expressed as a continuous flow, and as a dividend yield, denoted (. The risk free rate is also expressed as a continuous rate rc. The cost of carry formula is then modified to:




f0 
= S0 e(rc -()T 

Example

The All Ordinaries index is currently at 2540.  The continuously compounded risk free rate is 8% p.a., dividend yield is 6% and the time to expiration of the SPI futures contract is 30 days.

Calculate the futures price.
T
= 30/365 = 0.0822


f 
= S e(rc -()T 


= 2540 e (.08 - .06)(.0822)


= 2544.18

Arbitrage strategies when the cost of carry relationship is violated.

Deviations from the cost of carry are corrected by arbitrage. 

If actual futures price is too high:




f0 
> 
S0 + (
Then, arbitrageurs will buy the spot asset and sell the futures contract. This is called cash and carry arbitrage.

Arbitrage trading will put downward pressure on the futures price and upward pressure on the spot price. 

If actual futures price is too low:




f0 
< 
S0 + (
Then, arbitrageurs will sell short the spot asset and buy the futures contract. This is called reverse cash and carry arbitrage.

Arbitrage trading will put upward pressure on the futures price and downward pressure on the spot price.


Hedging

Hedging is the process of reducing or removing risk from an existing asset portfolio or the anticipated purchase of an asset portfolio.

Risk hedgers

Risk hedgers usually hold or expect to hold a physical position in the underlying asset. They take a position in the futures market in order to reduce price uncertainty, enabling them to 'lock in' the futures price. A hedger who is long (short) in futures contracts for the purpose of hedging is referred to as a long (short) hedger.

Example

On March 1 you have an investment of $3490 in an index fund that tracks the All Ordinaries stock index. You expect the market to decline over the next six months. The September SPI 200 futures contract is priced at $3500 on March 1. How would you hedge the expected price drop? If in September the market index is $3400 how have you performed?
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Sell the futures contract in March and close the position by buying futures in September, partially setting off the price loss on the index fund.  


In physical market



Price drop in investment fund 
= $3490-3400 = $90


In futures market:



Selling price of futures contract
= $3500



Buying price of futures contract
= $3400



Gain in futures contract

= $350-3400 = $100


Net final result of the investment
$3490 + ($100-$90) = $3500

In effect, you were able to lock in the March futures price of $3500

Selling stock index futures to guard against anticipated future declines in the stock index is a form of portfolio insurance. 

Hedging with futures contracts enables the hedger to lock in the present futures price and remove the uncertainty of being subject to future price variations. This means that favourable price movements do not produce any gains either. 


Hedging decisions

To hedge or not to hedge

This can be illustrated using the following table:




Short in physical
Long in physical

Expect prices to increase:
Hedge


Do not Hedge

Expect prices to decrease:
Do not Hedge

Hedge

 The above situation is called a selective hedge.  The alternative is to hedge all of the time.  This is called a continuous hedge.

Hedging multiple exposures

When several exposures to risk is anticipated, we can use either a strip hedge, or a stack (or rolling) hedge.

A strip hedge is to hold a number of different contracts with different maturity dates to match the exposures.

Illustration:

Suppose a wheat dealer will need to buy 200 tonnes of wheat in 2 months and buy 50 tonnes of wheat in 3 months (1 futures contract = 50 tonnes).  

He will buy 4 wheat futures for delivery in 2 months and buy 1 wheat futures for delivery in 3 months

A rolling (or stack) hedge is to hold the correct number of contracts to match the total exposure, but with the same maturity date. That date is the date of the first exposure.  Then, when the first exposure appears, the hedger rolls out of all of the contracts (ie. offsets them) and rolls into the number of contracts needed for the remainder of the hedge.  The situation then repeats when the next exposure arises.

Hedging Imperfections with Futures Contracts

When futures contracts are used for hedging, a perfect hedge can be achieved only if the spot price of the asset being hedged, and the futures price, converge when closing out the contract. If this is the case the hedger is able to lock in the futures price prevailing at the time of entering the hedge and achieve a perfect hedge. 
In practice this is rarely the case and hedging imperfections can arise. Hedgers are thus exposed to basis risk. 
If when the futures contract is closed out the basis is zero the hedge is perfect. Otherwise, a futures hedge cannot be expected to be perfect.

Basis risk can arise due to several reasons. For example,

(i) When the futures contract is closed off before its expiration date.  

(ii) The specification of the asset to be hedged does not match the underlying asset defined in the futures contract

(i) Closing off the futures contract before its expiration date.  

Consider the risk hedging example:

On March 1 you have an investment of $3490 in an index fund that tracks the All Ordinaries stock index. The September SPI futures contract is priced at $3500 on March 1. Suppose you need to close out your position on August 1. On August 1 the market index is $3445 and the futures price is $3450? How have you performed?
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Your hedging strategy is to sell the futures contract in March and close the position by buying futures in August. 


In physical market



Price loss in index fund
 
= $3490-$3445 = $45


In futures market:



Selling price of futures contract
= $3500



Buying price of futures contract
= $3450



Gain in futures contract

= $50


Net gain




= $ 50-45= $5

You were not able to lock in the difference between the spot of $3490 and the futures price of $3500 known in March. This illustrates basis uncertainty.

The effect of a change in the basis on the gains/losses to hedgers.

Let the futures and spot prices at time 1 be F1 and S1 and at time 2 be F2 and S2 

Basis at time 1 =  S1 - F1  and  Basis at time 2 = S2 - F2 
Consider a long hedger - who is short in the physical market and long in the futures market.

The gain in the physical market = S1 - S2
The gain in the futures market   = F2 - F1
Overall position

   = Gain in spot market + gain in futures market





   = S1 - F1 - (S2 - F2)




   = B1 - B2 

Gains if basis narrows between time 1 and time 2

Consider a short hedger - who is long in the physical market and short in the futures market.

The gain in the physical market = S2 - S1
The gain in the futures market   = F1 - F2
Overall position

   = Gain in spot market + gain in futures market





   = S2 - F2 - (S1 - F1)




   = B2 - B1 
Gains if basis widens between time 1 and time 2

(ii) The specification of the asset to be hedged does not match the underlying asset defined in the futures contract

Often the commodity or asset underlying the futures contract will be different to the commodity or asset held by the hedger. For example, the share composition of the investor’s portfolio to be hedged may not match the ASX 200 index, which underlies the SPI futures contract. When the SPI futures contract value changes by x% the portfolio value may change by a different y%. Hedgers in this situation are forced to use the futures contract with the underlying asset closest to the asset being hedged. The optimal number of futures to buy/sell to achieve an effective hedge is determined by minimising the variance of the total gain/loss. This is called the minimum variance hedge ratio.


The Hedge Ratio

The hedge ratio is the number of futures contracts to purchase (or sell) to hedge the position held in the physical market.

Let:


S
= change in spot price




f
= change in price of futures contract

( 
= net profit on combined positions   


Nf
= number of futures contracts entered into  (or h)

The total profit / loss can be written as

(
=  

S + Nf .

f

For the profit on futures to match the loss on physical, and the overall hedge to have zero profit/loss, we need 


(
=  0

This gives,


Nf
=  - 
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The Minimum Variance Hedge Ratio

Consider the profit equation of the hedged portfolio

(
=  

S + Nf .

f

Take variances 


[image: image6.wmf]f

f

s

f

f

s

N

N

D

D

D

D

+

+

=

.

2

2

2

2

2

.

s

s

s

s

p


where
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Minimising 
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(Note: h is also used for the hedge ratio)

This is the optimum hedge ratio.  For each unit of spot asset held long, short Nf  futures contracts to minimise risk.

(s









Nf










                (f

Stock Index Futures Hedging

Stock index futures contracts can be used to hedge an exposure to the price of an individual stock or a portfolio of stocks.  The number of contracts that the hedger should enter into is given by:
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where





=  beta of the stock


S
=  total value of the shares being hedged


f
=  total price of one index futures contract.

This can be derived from the minimum variance hedge ratio
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Let 



S
= S. rs


where rs = rate of return 


f
= f. rf

where rf = rate of return 

Then 
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where 
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Price Sensitivity Hedge Ratio

The price sensitivity hedge ratio is applied to hedging with interest rate futures contracts. The price sensitivity hedge ratio is the value of Nf that will result in no change in the portfolio value and is given by:



Nf  =  
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where


S
=  price of asset (i.e. bond) in the spot market


f
=  price of the futures contract


yf 
= yield of the deliverable bond at expiration



ys 
= spot yield of bond



Ds 
= duration of the bond



Df
= duration of the futures contract


Examples of Futures instruments used for Hedging 

The following examples illustrate how to hedge positions for short and long term interest rate changes.

Short term interest rate hedges

Australian Bank Accepted Bill (BAB) futures contract

Market pricing conventions in the futures contract:
Traded asset:  90-day bank bill with a face value of $1,000,000

Settlement: Contract is deliverable.

Market quotation:  100 – annual percentage yield


Eg. A reported price of 93.87 means:

The yield 

= 100 – 93.87 = 6.13% per annum


Price of the bill
= 
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 = $ 985,110

The same approach can be used to hedge an anticipated borrowing, except we would sell BAB contracts at the beginning and sell them at the end.

Long term interest rate hedges

Australian 10 year Treasury bond futures contract

Traded asset:  10 year T-bond with a face value of $100,000 and a coupon rate of 12% p.a. payable half yearly.

Settlement: by cash (not deliverable)

Market quotation:  100 – annual percentage yield

Eg. A reported quotation of 92.02 means:

The yield 

= 100 – 92.02 = 7.98% per annum


Price of the bond: using the bond pricing formula
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The Relation Between the Futures Price and the Expected Future Spot Price at delivery date.

Futures prices are observed today but relate to transactions carried out in the future. One would expect futures prices to reflect expectations about the future. Is the futures price a good forecaster of the expected spot price at the time of delivery?

There are several alternative viewpoints.

The Unbiased expectation theory

The futures price is the best estimate of the expected future spot price. The theory assumes that investors are risk neutral or that the future is known with certainty. Speculators are therefore not rewarded for risk, and thus futures 
prices will simply be unbiased expectations of future spot prices.




Ft  = Et(ST) 

Keynes -Hicks suggest a theory to explain the relation acknowledging the presence of risk aversion in investors. It states that buyers/sellers of futures contracts would expect to earn a risk premium, thus futures prices are biased expectation of future spot prices.

Two types of market situations are possible.
(i) Normal Backwardation

The futures market consists of 

(i) risk hedgers who hold net short positions in the futures market and 

(ii) speculators who must then hold net long positions in the  futures market.

If speculators hold net long positions, on average futures prices  must rise over the life of the contracts to compensate them for their risk.

Therefore futures prices would be generally below expected future spot prices by a risk premium P.




Ft = Et(ST) - P

(Note. 
Backwardation refers to a situation where the futures price is less that the current spot price at a given point in time).
(ii) Normal Contango

The opposite effect to Normal Backwardation, resulting from 

(i) risk hedgers who hold net long positions in the futures market and 

(ii) speculators who must then hold net short positions in the  futures market.

Futures prices are then above the expected future spot prices.




Ft - P = Et(ST) 

Modern Portfolio theory approach

Consider a stock paying no dividends. If its price at time T is ST and its requirted rate of return is k, then its price today is
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But we know from the spot - futures price relation
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where F0 is the futures price and Rf is the risk free rate

Equating the two equations gives
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Whenever k > Rf (i.e. for positive beta assets), the futures price will be smaller than the expected future spot price. Speculators long in the futures market will make positive returns.
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