Lecture # 7 Hedging strategies using futures
· When a firm reduces its risk exposure with the use of derivatives, it is said to be hedging. 

· Many of the participants in futures markets are hedgers

· Hedgers  may want to reduce risk associated with the price of oil, a foreign exchange rate, the level of the stock market etc.

· A perfect hedge is one that completely eliminates the risk

· Perfect hedges are rare

· Futures contracts can be used to construct hedges  so that they perform as close to perfect hedge as possible
Hedging Fundamentals
· Hedging with futures typically involves taking a position in a futures market that is opposite the position already held in a cash market.
· A Short (or selling) Hedge:  Occurs when a firm holds a long cash position and then sells futures contracts for protection against downward price exposure in the cash market.

· A Long (or buying) Hedge: Occurs when a firm holds a short cash position and then buys futures contracts for protection against upward price exposure in the cash market. 

· A Cross Hedge: Occurs when the asset underlying the futures contract differs from the product in the cash position 
EXAMPLE:

· In June, Jahangeer Khan, a farmer, anticipates a harvest of 50,000 bushels of wheat at the end of September. Jahangeer says that he will not use derivatives, because they are too risky. Do you agree? What should he do?
Basic principles of future contracts: Short-hedge
· To hedge, Jahangeer khan should sell his wheat in advance

· This strategy is called short-hedge 

· Producers or those who anticipates to receive inventory should use short-hedge to reduce the risk of their output
Example:

· An oil company may hold large inventories of petroleum to be processed into heating oil.

· The firm could sell futures contracts in heating oil in order to lock in the sales price.

· Again the firm will use short hedge
Example 3

· On April 1, Glaxosmith Chemical agreed to sell petrochemicals to the Pakistan government in the future. The delivery dates and prices have been determined. Because oil is a basic ingredient of the production process, Glaxosmith Chemical will need to have large quantities of oil on hand. Moreover, if prices of oil increase, the firm cannot pass on the additional cost to the government, how to hedge?
· The answer is in future contracts.
· The firm can buy futures contracts with expiration months corresponding to the dates the firm needs inventory.

· The futures contract locks in the purchase price

· This strategy is called a long hedge where the firm purchases a futures contract to reduce risk.

· In general, a firm institutes a long hedge when it is committed to a fixed sales price.
Real Life Example of long-hedge
· A group of students opened a small meat market called What’s Your Beef near the University of Pennsylvania in the late 1970s. this was a time of volatile consumer prices, especially food prices. Knowing that their fellow students were particularly budget-conscious, the owners vowed to keep food prices constant, regardless of price movements in either direction. They accomplished this by purchasing futures contracts in various agricultural commodities.

Example: Risk hedging in financial contracts
· Nadeem Raza owns a mortgage-banking company. On Feb 1 he made a commitment to loan a total of Rs. 1 million to various homeowners on April 1. The loans are 20-year mortgages carrying a 12-percent coupon. 

· Like many mortgage bankers, he has no intention of paying the Rs.1 million out of his own pocket. Rather, he intends to sell the mortgages to an insurance company. He will reach an insurance company March 30 to sell the mortgage to. Though Mr. Raza will earn profitable fees on the loan, he bears interest-rate risk. He loses money if interest rates rise. What would you suggest to him for hedging this risk?
Solution: Use short-hedge

· To hedge this risk, he sells 2-months Treasury-bond futures contracts.

· With rise in interest rates, the price of mortgage as well as T-bonds will fall

· His loss on mortgage is offset by the profit on short-hedge of t-bonds

· But this is not a perfect hedge, why?

· This is called basis risk

· Basis risk can also arise when the maturity date of future contract and your position in the cash market do not match
Which Contract Should be Used?
· If there is no futures contract on the asset being hedged, use a cross hedge, and select a contract whose price changes are as highly correlated as possible with those of the spot asset.

· The delivery month should be the same as, or just after, the date the hedge will be lifted.
Minimum variance hedge ratio
· The hedge ratio is the ratio of the size of the position taken in futures contracts to the size of the exposure.

· If the objective of the hedger is to minimize risk, setting the hedge ratio equal to 1.0 is not necessarily optimal

· The optimal hedge ratio is determined by the factors outlined in the next slide

The Risk Minimizing Hedge Ratio
· Consider the following: DVH = (DS)(QS) – (DF)NFQF, where:

· DVH = the value of the ‘hedged portfolio’ 

· QS = the quantity of the spot/cash position being hedged

· QF = the number of units of the underlying asset in one futures contract used to hedge

· NF = the number of futures contracts

· DS = change in the spot price of the good

· DF = change in the futures price
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If DVH = 0, then (DS)(QS) = (DF)NFQF, and the risk-minimizing number of futures contracts to trade, NF*, is
· The fractional term, DS/ DF, is the “Hedge Ratio.”
Example: Using the Hedge Ratio
· Suppose you are long 1000 oz. of gold (in the cash market).

· There are 100 oz. of gold per futures contract.

· For every $0.90 change in the cash market, the futures price changes by $1.00.

· You want to engage in a risk minimizing hedge.

· What position should you take in the futures market?
· How many contracts should you use?
· Because you are long in the cash market, using a risk minimizing hedge means that you should take a short position in the futures market.  Concerning the number of contracts:
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Optimal Hedge vs. A Full Hedge
· A naïve hedger might think 10 futures contracts should be sold to offset the spot position of long 1000 oz. of gold.  This is an example of a “full hedge”, which will not be an optimal hedge when there is basis risk and futures and cash prices don’t move together.

· Recall: DVH = (DS)(QS) – (DF)NFQF
· Suppose you do the optimal hedge, i.e., long 1000 in spot and short 9 futures: DVH = (90)(1000) – (100)(9)(100) = 0.

Instead, suppose you do a full hedge, i.e., long 1000 in spot and short 10 futures: DVH = (90)(1000) – (100)(10)(100) = -100.
Note: It is really important to note here that we are assuming that the relationship between the changes in the spot price and changes in the futures price will remain the same (i.e., at 0.90 to 1.00) over the time period we are hedging
Hedge Ratio: Example 2
· Running the following regression equation results in an estimate of the hedge ratio: 




 DS = a + b DF + e 

· Then,   b = DS/DF,  is an estimate of the hedge ratio.

· Suppose you have a long position of 410,000 gallons of heating oil.

· You are concerned heating oil prices are going to ___ (rise or fall?), and you want to protect your inventory value. Therefore, you ___ (buy or sell?) heating oil futures).
· There are 42,000 gallons of heating oil in one futures contract.

· You estimate the following regression equation:

·   DS = 0.0177 + 0.9837 DF

           R2 = 0.80

· R2 is a goodness of fit measure for the regression model. 

· It should exceed 0.50 for effective hedging. 

· The higher it is, the more confident you will be of getting good results.
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That is, the higher it is, the more confident you will be that the two prices will move together in the future.

· So, sell either 9 or 10 contracts for a risk-minimizing hedge.

DURATION HEDGING
· the concept of duration is a prime determinant of interest-rate risk

· Generally, a change in interest rate will cause greater percentage change in the price of bonds with longer-maturity than in the price of bonds with shorter-maturity

Example:
Effect of changes in interest rates on prices of bonds
· Suppose interest rate initially is 10 percent across all maturities. A one-year discount bond pays $110 at maturity. A five-year discount bond pays $161.05 at maturity.

Current price of the discount bond is given by the following formula
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Effect of changes in interest rates on prices of bonds with different maturities
· If market interest rate changes from 10% to 8%, value of 5-year bond rises more than one year bond and vise versa .
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The Case of Two Bonds with the Same Maturity but with Different Coupons
· Consider a five-year, 10-percent coupon bond and a five-year, 1-percent coupon bond
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· When interest rate fall to 8% from 10%
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% change in 10%-coupon bond=
· When interest rates change, the percentage price changes on the 1-percent coupon bond are greater than are the percentage price changes on the 10-percent coupon bond

WHY?

· The answer lies in duration analysis

· Average maturity of bonds with higher interest rates is shorter than of bonds with lower interest rates

· Average maturities can be calculated in three steps

· Step 1: Calculate present value of each payment.

· Step 2: Express the Present Value of Each Payment in Relative Terms.

· Step 3: Weight the Maturity of Each Payment by Its Relative Value.
· Let’s continue with the same 10% coupon bond and 1% coupon, both having 5-years maturities
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	Years 
	Relative Value 
	

	1 
	0.09091
	0.09091

	2 
	0.08264
	0.16528

	3 
	0.07513
	0.22539

	4 
	0.0683
	0.2732

	5 
	0.68302
	3.4151

	
	
	4.16988


· The effective maturity of this 10% 5-year bond is 4.16988 years

· its percentage price fluctuations should be the same as those of a zero-coupon bond with a duration of 4.1699 years
· Similarly the five-year, 1-percent coupon bond has a duration of 4.8742 years.

· Because the 1-percent coupon bond has a higher duration than the 10-percent bond, the 1-percent coupon bond should be subject to greater price fluctuations

· Why does the 1-percent bond have a greater duration than the 10-percent bond, even though they both have the same five-year maturity?

· Answer this question from your own side.

· Because some firms are subject to interest-rate risk, they can hedge with futures contracts. 

· Firms may also hedge interest-rate risk by matching liabilities with assets. 

· This ability to hedge follows from our discussion of duration
Example: 
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· Example of duration hedging

· Both overnight money and checking and savings accounts have a duration of zero. 

· This is because the interest paid on these instruments adjusts immediately to changing interest rates in the economy

· The bank’s managers think that interest rates are likely to move quickly in the coming months. Because they do not know the direction of the movement, they are worried that their bank is vulnerable to changing rates. They hire you as a consultant to determine hedging strategy.
Duration Calculation:
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· To precisely know the change needed for effective hedging , the following relationship can be used
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· Based on these relationships, two possible alternatives are available for hedging

· Increase the Duration of the Liabilities without Changing the Duration of the Assets.
· the duration of the liabilities could be increased to 2.84 years
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· Decrease the Duration of the Assets without Changing the Duration of the Liabilities
· the duration of the assets could be decreased to
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Where duration hedging may be used?
· Saving and Loan Associations invest large portions of their assets in mortgages.

· The durations of these are usually above 10 years. 

· In 1960s, much of the funds available for mortgage lending were financed by short-term credit, especially savings accounts.  

· As interest rates rose over much of the 1960s and the 1970s, many S&Ls found that the market value of their equity approached zero
To summarize, our calculations of duration for coupon bonds have revealed four facts:
1. The longer the term to maturity of a bond, everything else being equal, the greater its duration.

2. When interest rates rise, everything else being equal, the duration of a coupon bond falls.

3. The higher the coupon rate on the bond, everything else being equal, the shorter the bond’s duration.

4. Duration is additive: The duration of a portfolio of securities is the weighted average of the durations of the individual securities, with the weights reflecting the proportion of the portfolio invested in each.
Pension funds
· Many firms establish pension funds to meet obligations to retirees. If the assets of a pension fund are invested in bonds and other fixed-income securities, the duration of the assets can be computed. Similarly, the firm views the obligations to retirees as analogous to interest payments on debt. The duration of these liabilities can be calculated as well. The manager of a pension fund would commonly choose pension assets so that the duration of the assets is matched with the duration of the liabilities. In this way, changing interest rates would not affect the net worth of the pension fund.

Insurance Companies
· Life insurance companies receiving premiums today are legally obligated to provide death benefits in the future. Actuaries view these future benefits as analogous to interest and principal payments of fixed-income securities. The duration of these expected benefits can be calculated. Insurance firms frequently invest in bonds where the duration of the bonds is matched to the duration of the future death benefits.

Leasing Companies
· A leasing firm issues debt to purchase assets, which are then leased. The lease payments have duration, as does the debt. Leasing companies frequently structure debt financing so that the duration of the debt matches the duration of the lease. If the firm did not do this, the market value of its equity could be eliminated by a quick change in interest rates.
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