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�
Interest Rate and Foreign Exchange Rate Risk: An Overview





Most economic agents face foreign exchange or interest rate risks when they have future cash inflows or outflows arising from their capital investments, operations and financing. The main factors that determine the magnitude of these flows, foreign exchange rates and interest rates, both real (i.e. net of inflation) and nominal, are volatile.  Indeed, there is a close correspondence between foreign exchange and interest  rates.  Hence, one of the important tasks of financial management is to reduce the exposure of the agent to foreign exchange and interest rate risk using various financial instruments.





For instance, if a firm needs to convert its foreign currency inflows or borrow money at a future point in time, it can hedge its exposure to increases in these rates in a number of ways. The principal instruments available for the hedging of foreign exchange and interest rate risk are 





Forward contracts:  A foreign exchange forward contract is an agreement made today to deliver or take delivery of a specified amount of foreign currency in exchange for domestic currency, on a future date, at a fixed exchange rate. An interest rate forward or a forward rate agreement (FRA) is a contract made now to pay or receive the difference between the future rate of interest and a fixed interest rate on a specified principal amount, over a given loan period.  In the absence of changes in credit risk, a FRA can be thought of as an agreement to borrow or lend money in the future at a fixed rate of interest.


Futures contracts:   Futures contracts are standardized contracts on foreign exchange and interest rates that are traded on a futures exchange.  They are based on the delivery of a specified amount of foreign currency or an interest-bearing security, at a future date.  Thus, both forward and futures contracts are agreements to deliver or take delivery of a specified quantity of an asset on a future date at a pre-specified price.  However, the important difference between forward and futures contracts is that the latter are marked-to-market on every trading day.  


Option contracts:    Interest rate options give the holder the right to receive the difference between the future rate of interest and a fixed interest rate, known as the strike rate, on a specified principal amount, over a given loan period.  Again, in the absence of changes in credit risk, an interest  rate option can be thought of as the right to borrow or lend at a fixed rate. Note that in contrast to forward contracts, the holder of the option is not obliged to borrow or lend at the agreed rate, if market interest rates change to a level that is unfavorable.  





Foreign exchange options confer on the holder the right to buy or sell a specified amount of foreign currency at a fixed exchange rate, the strike rate,  in exchange for domestic currency.  As in the case of interest rate options, the option holder would exchange the foreign currency only if the previously fixed strike rate is favorable in relation to the prevailing market rate.





Many firms and investors have cash flows denominated in multiple currencies.  For firms involved in transnational trade, manufacture and financing, these cash flows may be related to the purchase of capital equipment or raw materials, and the sale of finished products, or financing flows relating to borrowing and lending.  In the case of investors, these flows may be related to their investments and the return from the investments as well as the cash flows for consumption.  Cash flows in various foreign currencies may be hedged using forward or option contracts, for short horizons.  For longer maturities, it may be necessary to use foreign currency swaps, caps and floors.  A foreign currency swap is a portfolio, or a series, of foreign currency forward contracts over multiple periods.  Similarly, a foreign currency cap or floor can be defined in terms of a series of foreign currency call or put options on the foreign currency.  





Borrowers often require money over longer periods of time, for example, from 5 years to as long as 100 years. To hedge over longer periods, borrowers can use an interest rate swap contract or an interest rate cap or floor contract. A swap is a portfolio, or series, of interest rate forward contracts covering successive borrowing periods. Likewise, an interest rate cap or floor is a series of interest rate option contracts. Most interest rate risk management is done with FRA/futures, swap, cap and floor contracts.





Many hedging contracts, such as forward contracts and swaps, are made between banks and corporate clients on what is known as the over-the-counter (OTC) market. These contracts are often specially structured to suit the needs of the corporate client. Although the contracts mentioned above are the common contracts of a standardized nature, there are other non-standard instruments known as exotic or complex derivatives. Examples are knock-out options and swaps, quanto options and differential swaps, Asian swaps and options, binary options, and compound options.  In contrast to the OTC contracts, other instruments, such as futures and some option contracts, are exchange-traded (ET). The principal differences between OTC and ET contracts are that the latter are  


		a) marked-to-market each trading day, 


		b) usually standardized contracts, and 


		c) have less counter-party or credit risk. 





Foreign exchange and interest rate volatility


There are many different interest rates in each currency. Interest rates differ according to the maturity of the loan involved, the credit status of the borrower, and the currency that is being lent. Of all these rates, perhaps the most important single rate is the three-month $LIBOR. $LIBOR stands for London Interbank Offer Rate and is the average quote from five major international banks, lending US $, in the London inter-bank market. Many corporate loan agreements are linked to $LIBOR and most derivative contracts have payoffs that depend on this rate. Similar interest rates are quoted in all the major currencies and various maturities of less than one year.  Collectively, these rates are referred to as money market rates.





The development in the 1980s and early 1990s of the markets for interest rate and foreign currency derivatives owes much to the volatility of these rates. Figure 1 illustrates this for interest rate volatility, recording the $LIBOR rate at six-monthly intervals over the period 1980-95.





Figure 1 also shows the inflation rate that was observed over the subsequent three-month period. The inflation rate is measured by the consumer price index (CPI) in the United States. The third line in Figure 1 shows the real interest rate, defined conventionally as follows 


Real Interest Rate  =  $LIBOR - CPI Inflation rate


The real interest rate is an ex-post measure of the real rate of return earned by investors from investing $LIBOR for each three-month period, given the inflation that subsequently occurred over that period.





Figure 2 shows the 3-month LIBOR interest rates in three major currencies, dollar, yen and pound sterling, during the period 1989-1995.  It is evident from the graph that these key rates have fluctuated considerably in all three currencies.  For instance, even over the relatively short period of six years, the short term interest in Japan has varied between a little under  8% in early 1989 and a little over 0.5 % in late 1995. 





The volatility in short term interest rates is closely related to the volatility of foreign exchange rates.  Figure 3 shows the volatility of certain key foreign exchange rates, against the US dollar, the yen, the DM and the pound sterling, over the period 1989-1995.  For example, the yen has fluctuated in a range of about two-to-one in the past six years.





The historical volatility of a financial variable is normally measured by the standard deviation of the observations of the logarithm of the variable, stated on an annualized basis. For example, the standard deviation of the six-monthly observations of $LIBOR recorded in Figure 1 on an annualized basis is





�Object�


On a similar basis, the volatility of the inflation rate and the real interest rate are


�Object�


�Object�


The volatility of foreign exchange rates can be computed on a similar basis.





Hedging foreign exchange and interest rate risk


The basic ideas underlying the management of foreign exchange and interest risk are quite similar.  First, consider the position of a company that borrows at a rate of $LIBOR + p to finance its operations. The premium, p, (above LIBOR) that it has to pay depends upon its credit status. A large company with a sound balance sheet should be able to borrow, for example, at say $LIBOR + 1/8. If $LIBOR is 5 1/4 per cent, it would pay 5 3/8 per cent on its borrowings. Such a firm would have seen its borrowing cost vary considerably over the period shown in Figure 1: from a minimum of 3 1/4 + 1/8 = 3 3/8 per cent in February 1994 to 17 7/8 + 1/8 = 18 per cent in June 1982.





Now, consider the position of an investor who invests a proportion of his or her portfolio in three-month $Treasury bills (T. Bills), purchasing these bills every three months. Since the price of three-month T. Bills closely follows the three-month $LIBOR rate the return on this investment strategy, net of transaction costs, turns out to be say $LIBOR - 3/4 per cent. Again, an investor who followed this strategy over the period shown in Figure 1 would have seen a return varying from a minimum of 3 1/4 - 3/4 = 2 1/2 per cent in February 1994 to 17 7/8 - 3/4 = 17 1/8 per cent in June 1982.


A similar example can be given for the case of foreign exchange risk.  Consider a firm that exports its products at prices denominated in a foreign currency.  If the firm does not hedge its exposure, its export earnings would be very volatile, given the uncertainty of foreign exchange rates.  For example, a company exporting goods worth $1 million would have received 160 million yen for it in mid-1989 and only half as much in mid 1995.  Even over the latter half of 1995, the yen/dollar exchange rate has fluctuated between about 80 to over 105 yen to the dollar.


 


These examples show that foreign exchange and interest rates have varied considerably over time and are likely to vary in the future. For example, if a firm is committed to capital expenditures in the future, or has working capital requirements that will need to be financed, it faces the prospect of uncertain future cash flows, both  for capital and operating items.  Similarly, investors face the prospect of uncertain future  returns on their investments.





The financial management of foreign exchange and interest rate risk often takes the form of hedging. Hedging these risks involves placing a bet that pays off when the foreign exchange rate or interest rate goes against the agent. For example, an appropriate hedge for the borrowing company in the above example would be to place a bet on the interest rate rising in the future. The bet will pay off if interest rates rise and the resulting profit would offset, to some extent, the rise in the firm's borrowing costs. Similarly, a firm exporting goods denominated in a foreign currency will be able to hedge its foreign currency exposure by selling its foreign currency inflows with foreign currency forward or options contracts.   It is the purpose of foreign currency and interest rate futures and options markets to provide a simple way of betting on changes in the foreign exchange and interest rates.





Hedging foreign exchange and interest rate risk: forward and long term loan contracts


Before considering the use of options and futures markets, we first consider the traditional ways of hedging foreign exchange and interest rate risk. An extreme form of risk management is to "lock-in" the foreign exchange and interest rates  over the future period.  In the case of foreign exchange risk, this can be done with forward contracts, which can be entered into, either for long maturities, if possible,  or for shorter maturities, but on a "rolling" basis, i.e. a new contract is purchased just as the previous one expires.  For instance, a Japanese firm that regularly buys crude oil, whose price is usually stated in US dollars, as a raw material, can hedge its foreign exchange exposure by buying dollars forward.  Similarly, a Japanese exporter of goods invoiced in dollars could hedge its risk by selling dollars forward.  The problem with this approach is that long-term forward contracts were not available until recent years, and even today, are available only between the major currencies.  In the case of foreign exchange contracts, longer-dated contracts have relatively poor liquidity, compared with the short-dated maturities.  Hence, in many cases, only a rolling hedge is feasible for hedging long-term risks.





In the case of interest rate risk, the equivalent method would be to lock-in the interest rates, again either over a long horizon or on a rolling basis. Thus, the traditional way of hedging against changes in the short-term interest rates is to borrow or lend on a long-term contracts at a fixed rate. For example, a company could issue a 20 year, fixed interest rate bond. On the other side of the transaction, an individual investor could lend money by buying such a bond. However, two important problems arise with this type of hedging. First, it may be difficult or costly for the investor to sell the bond if it turns out that the money is needed for other purposes at some future date. Second, buying a long term bond involves taking an increased default risk: the risk that the borrower may not be able to repay the promised capital at the maturity date. Long term loans, even when made by Governments, tend to require higher rates of interest because of these risks.  This discourages borrowers from raising loans in this manner. Moreover, in a world of uncertain inflation, a long term, fixed rate loan becomes a highly risky security in terms of real purchasing power. From the lender's point of view, supposing that the bond promises to pay back $100 in 25 years time, the real purchasing power of this $100 is highly uncertain in an inflationary world. Long term loans that  may be almost riskless in nominal or money terms are often highly risky in real terms.





Long-term forward contracts and bonds represent the traditional method by which companies, investors and Governments hedge their future foreign exchange and interest rate exposure.  However, they have to be viewed in relation to other hedging alternatives which offer different trade-offs of risk versus cost/return.  In particular, derivative contracts, broadly defined, provide a range of possibilities for managing foreign exchange and interest rate risk, as we shall see below.





Hedging with foreign exchange and interest rate derivatives





A derivative security or contract is one whose payoff and value depend upon the price of some underlying asset. In the present context, we are concerned with foreign exchange and interest rate derivatives. These are contracts whose payoff and value depend upon an underlying foreign exchange or interest rate (or bond price). The forward contracts, futures contracts and option contracts mentioned in the overview are all examples of derivatives. One of the main features of a derivative is that the contract is detachable from the underlying asset. If an agent desires to speculate on the movement of a future foreign exchange or interest rate, it can use a derivative as a stand-alone bet. However, if it wishes to hedge an existing borrowing or lending commitment, it must add the derivative payoff to its loan costs or returns. The market for derivatives allows hedgers and speculators such as corporations, investors, banks, brokers and other institutions involved in providing these services to compete in the same market, using the instruments for whatever purpose they desire. For example, in the case of interest rate risk, the loan cost, including the payoff from the derivative will be 





Net Borrowing Cost / Lending Return�



   =�
Market interest rate at the future date�



        + / -�
Payoff on the derivative�
�
For example, if a borrower hedges, and interest rates rise, they might end up paying a market rate of interest of x per cent, having a payoff from the derivative of y percent and a net borrowing cost of x-y per cent.  A similar definition in terms of costs/prices in terms of domestic currency can be made in the case of foreign exchange derivatives.





Hedging with futures/forward and options contracts





Forward contracts have been common in commodity and foreign exchange markets for centuries. In the middle ages, for example, the monks from the abbeys in Yorkshire, England, bought their wool forward on continental markets. Forward and futures contracts on rice warehouse receipts were traded in Japan since the later seventeenth century.  Forward contracts to buy and sell commodities, foreign exchange and interest rate instruments are in widespread use today and are growing at a rapid rate. Indeed, much of the trading in foreign exchange even today is in the form of forward and swap contracts, and currently is about one trillion dollars a day.  However, public futures markets have evolved to overcome some of the moral hazard problems associated with forward markets (i.e. the incentive for one of the parties to the contract to default on the contract). Futures contracts are made between a hedger and the clearing corporation of a futures exchange. Also, the default risk problem is minimized by requiring the contract holder to put up margin; a form of deposit against adverse price movements. Futures contracts are also of a standard size. For example, in the case of short term interest rate futures, one standard Eurodollar futures contract represents a bet on the future short term (3-month) interest rate on a face amount of one million dollars. Note that the holder of a long futures contract receives the difference between the market rate of interest and the futures rate agreed in the contract. The holder of a short futures contract pays the difference between the market interest rate and the agreed futures rate.  Note that a forward or futures contract has no up-front cost i.e., at the time the contract is made, so that it is initially a zero-value contract.  In the case of futures contracts, the marking-to-market ensures that the contract has zero value at the end of each trading day.





In contrast, an option contract can be thought of as a one-sided futures contract. For example, a call option on the Deutsche Mark confers the right but not the obligation on the holder to exchange dollars for marks at a prescribed exchange rate. 





The difference between the payoffs on the futures and the option contract are illustrated by the examples shown in Figures 4 and 5 respectively. It is simply an agreement to buy or sell in the future. In Figure 4, this is indicated by the horizontal line on the LIBOR axis. The payoff on the long futures is the difference between the LIBOR rate and 0.06 (6%), the assumed futures rate. If LIBOR rises to 0.064 (6.4%), a profit of 0.004 (40 basis points) is made, but if LIBOR falls to 0.056 (5.6%), a loss of 0.004 (40 basis points) is made. In the case of the call option contract, however, as shown in Figure 5, a positive payoff is received if LIBOR rises, but the payoff is zero if LIBOR falls. Since the option payoff can only be non-negative, the call option contract must have a positive price. In other words, it must cost money to enter the options contract. This entry price is called the option premium. In Figure 5 we assume the premium is 0.002 (20 basis points). Then, the dashed line in Figure 5 indicates the net profit, i.e. [payoff - premium], from the contract.  Similar examples can be constructed for the case of foreign exchange risk.





Foreign exchange and interest rate risk can be hedged either by entering into a futures contract or an option contract. The difference is that the purchase of an appropriate number of the futures contracts can result in the borrower or lender completely fixing the rate to be paid or received in the future. On the other hand, the option contract is more akin to an insurance contract. It protects the borrower, for example, against an increase in rates in return for an insurance premium. However if rates fall, he or she can still benefit from lower market rates.  In Figure 5, for example, with an interest rate option, the maximum interest rate is capped at 0.062, but when interest rates go down, the borrower gets the benefit.








Hedging foreign exchange and interest rate risk with forward contracts


Firms and other large organizations often hedge their foreign exchange and interest rate exposure by making forward contracts directly with dealers, mainly banks, rather than by using publicly-traded futures contracts. The market where these contracts with banks are arranged is referred to as the over-the-counter (OTC) market. The two most important contracts in this market are forward contracts and foreign currency swaps in the case of foreign exchange rates and forward rate agreements (FRA's) and the swaps for interest rates. 





A foreign exchange forward contract is an agreement to receive the difference (positive or negative) between  the foreign exchange rate, say between US dollars and Deutsche Marks, on a given future date, and a pre-set fixed rate, based on a given face amount. A foreign currency swap is a series of FRA's covering several future  dates.





Foreign Exchange Forward Contracts 





The contract details of a forward contract are as follows 


�



Contract Type�
Forward Contract�
�
Maturity�
90 days�
�
Underlying Foreign Exchange Rate�
DEM/USD (Deutsche Marks/US$)�
�
Forward Rate Agreed�
1.50 DM/S�
�
Face value�
$100 million�
�
Position�
Long�
�



In this example, the forward contract  will pay the difference between DM/$ exchange rate in three months time and a fixed rate of 1.50 DM/$ on a face value of $100 million. The contract holder is long the contract, so that he or she receives DM and pays dollars. This results in the following cash flows for each dollar of face value 





�Object�


If  the DM/$ exchange rate turns out to be 1.60 DM/$, the contract holder gains 10 pfennig (0.10 DM) per $ of face value. If it turns out to be 1.40 DM/$, however, the contract holder loses 10 pfennig (0.10 DM) .  The cash flows actually received or paid under the contract have to be adjusted for the underlying face value. For example, the actual cash flow from this contract, received or paid in 90 days time, will be





�Object�





Notice that the payoff from the forward, by itself, is a pure gamble on the future foreign exchange rate. However, the foreign exchange forward contract is akin to many other derivatives: if it is held along with an underlying foreign currency cash flow, it is an effective hedge. For example, if a firm needs to pay DM 150 million in 90 days time, the contract would be a perfect hedging instrument. On the other hand, the contract may be used purely as a speculative play on the future exchange rate, if the transaction is not directly related to an underlying DM cash flow.





Forward Rate Agreements (FRA)


The contract details of an FRA are as follows 





Contract Type�
Forward Rate Agreement�
�
Maturity�
12 months�
�
Underlying Interest Rate�
3 month LIBOR�
�
Forward Rate Agreed�
7%�
�
Face value�
$10 million�
�
Position�
Long�
�



In this example, the FRA will pay the difference between $LIBOR in twelve months time and a fixed rate of 7 per cent on a principal of $10 million. The contract holder is long the contract, so that he or she receives LIBOR and pays 7 per cent. This results in the following cash flow diagram 


�Object�


If LIBOR turns out to be 9 per cent, the contract holder gains 2 per cent. If it turns out to be 6 per cent, however, the contract holder loses 1 per cent. The cash flows actually received or paid under the contract have to be adjusted for the underlying principal and the precise number of days of the underlying loan. For example, the actual cash flow from this contract will be





			�Object�





assuming the loan period is 91 days. Also, the payoff will be received or paid in fifteen months time. More typically, the cash flow takes place, on a discounted basis, when the FRA expires, in twelve months time, in this case.  Note that, in the case of US $LIBOR the notional number of days in the year is 360. This is referred to, in the markets, as the "day-count" convention. Note that the convention of dividing by 360 rather than 365 days is because of the meaning of the $LIBOR quote. In the case of some other currencies such as the pound sterling, the day-count convention is 365 days.





Notice that the FRA payoff is like the difference between agreeing to borrow at 7 per cent and lend at $LIBOR in twelve months time. Similar to the foreign exchange forward contract, it is a pure gamble on the future LIBOR rate. Again. like other derivatives, if it is held together with a borrowing requirement, it is an effective hedge. For example, if a firm needs to borrow $10 million in twelve months time, the contract would be a perfect hedging instrument. On the other hand, the contract may be used purely as a gamble on the future interest rate, since it is legally separate from any loan that is required.





So far,  we have considered a long position in an FRA contract, which is appropriate for hedging a borrowing requirement. In  contrast, a lender might be interested in a short position in an FRA. As an example, a short FRA at the rate of 7 per cent will pay 7 per cent minus the future LIBOR rate. The short position in the FRA contract makes a profit on the contract if interest rates fall. It follows that the profits or losses of the short contract, added to the rate of return from the lending arrangement can be used to guarantee a future lending return of 7 per cent.





Foreign exchange options


We now consider in more detail the foreign exchange option contract: i.e. the "one-sided" forward contract, where the holder receives the payoff, in case it is positive, and zero, otherwise. The option contract can be illustrated using the previous example of forward contracts. Suppose in the foreign exchange example in the previous section, instead of a forward contract, the firm buys an option to receive the difference between the DM/$ foreign exchange rate and 1.50 DM/$. We will assume, in the following example,  that the cost of this option is 0.05 DM or 5 pfennig. We have the following contract details 





Contract Type�
Foreign Exchange $ Call/DM Put Option�
�
Maturity�
90 days�
�
Underlying Foreign Exchange Rate�
DEM/USD ((Deutsche Marks/US$)�
�
Strike rate�
1.50 DM/$�
�
Face value�
$100 million�
�
Position�
Long�
�
Option Premium�
5 pfennig /$ (0.05 DM/$)�
�



Here, the option payoff is again the difference between the DM/$ exchange rate in 90 days and 1.50 DM/$. However, it is paid only if the difference is positive. The payoff diagram in the case of the long call option is 


�Object�


Again, the notation ( .)+ means that the payoff is received only if it is positive. As in the case of the forward contract, the actual cash flow will be





�Object�


but only if it is positive, receivable in 90 days time. Similarly, the cash cost of the option payable at time 0 (today) is





�Object�


Note that the option premium can be set in either dollars or DM with the conversion being made at the current exchange rate.  It should also be emphasized that a call option on DM/$ rate is a bet on the DM going down or the dollar going up. In market parlance, this is referred to as a dollar call/mark put.  Hence, it gives the holder the same payoff as a put option on the mark, which is a bet on the DM going down. Both these options give the holder protection against an appreciation of the $ relative to the DM.  It is an appropriate hedge for an agent whose numeraire currency is the DM and who has a dollar cash outflow in 90 days time. In contrast to a forward contract, the option contract is a form of insurance. Effectively, this means that the agent's costs are capped at approximately 1.55 DM/$ of future cash flow, but the agent gets the benefit of a lower dollar. If the dollar depreciates in 90 days, to say 1.45 DM/$, the option contract is worthless at maturity, but the borrower can take advantage of the lower DM cost of 1.45. The 5 pfennig (0.05 DM) option premium is the cost of the insurance purchased, so that the total cost would be approximately 1.50 DM/$.  However, if the dollar appreciates to 1.60, the option holder is protected against this increase, since the payoff from the option would offset the appreciation of the dollar, capping the total cost at about 1.55 DM/$.  The argument in the above example can be modified for the case of an investor with a future dollar inflow (or a DM outflow).  In this case, the appropriate hedge would be a dollar put/mark call.


�
Interest rate options


We next consider the case of interest rate options which are similar to the case discussed above except that the payoff is based on an interest rate.  Suppose in the above example, in contrast to the FRA contract, the firm negotiates an option to receive the difference between $LIBOR and 7 per cent. We will assume, in the following example that the cost of this option is 0.5 per cent. We have the following contract details 





Contract Type�
Interest Rate Call Option�
�
Maturity�
12 months�
�
Underlying Interest Rate�
3 month LIBOR�
�
Strike rate�
7%�
�
Face value�
$10 million�
�
Position�
Long�
�
Option Premium�
0.5%�
�



Here, the option payoff is again the difference between LIBOR and 7 per cent. However, it is paid only if the difference is positive. The payoff diagram in the case of the long call option is 


�Object�


The notation ( .)+ means that the payoff is only received if it is positive. As in the case of the FRA,  the actual cash flow will be





�Object�


and it is receivable in fifteen months time. However, it is usually received on a discounted basis on the option expiration date, i.e. in twelve months time. Similarly, the cash cost of the option payable at time 0 is





�Object�


Note that both the strike rate (7 per cent) and the option premium (0.5 per cent) are quoted using the $LIBOR convention. They both, therefore, have to be adjusted by multiplying by the number of days of the loan contract (assumed here to be 91 days) and the day-count convention (360). The interest rate option also gives protection to the borrower against a rise in interest rates. In the case of the option, however, the contract is a form of insurance. The borrower pays a premium of 0.5 per cent which confers the right to borrow at 7 per cent. This means that the borrower's loan costs are capped at approximately 7.5 per cent. If interest rates go down, in twelve months time, to say 5 per cent, the option contract is worthless at maturity, but the borrower can take advantage of the lower market borrowing costs. The 0.5 per cent option premium is the cost of the insurance purchased.





The interest rate call option or caplet pays the difference between the future interest rate and the fixed, pre-set rate of 7 per cent. This instrument is known as a caplet since a string of caplets is known as a cap, as discussed later on. It is therefore suitable for a borrower who will need to raise funds at or related to the $LIBOR rate in the future  The borrower can go into the market, borrow at or near the LIBOR rate that exists in twelve months time and use the proceeds from the IRO contract to reduce the net borrowing costs, if interest rates have risen in the meantime. As in the case of the FRA, the IRO is usually a legally separate contract from the actual loan raised by the borrower. It is used, together with a separate loan contract to achieve a capped borrowing cost of approximately 7 per cent in the above example.





So far,  we have considered just a borrower's position, where the borrower is faced with an uncertain future borrowing cost. IRO's can be arranged also to protect a lender's position, where the lender faces an uncertain future return. Typically, consider the position of a portfolio manager who will be receiving funds for investment in twelve months time, and will then be in a position to lend the funds at an interest rate which is related to three month $LIBOR. Such a lender can protect against a fall in LIBOR by arranging an interest rate put option or a floorlet. The floorlet pays a fixed rate (say 7 per cent) minus the $LIBOR rate in the market in twelve months time. It provides insurance against a fall in market rates. The portfolio manager can add the proceeds from the floorlet to his or her investment returns in order to guarantee a floor level of approximately 7 per cent to the return received on the investment. Note that the payoff diagram for the floorlet is 


�Object�


Again, the notation ( .)+ means that the difference between 7 per cent and LIBOR is paid if and only if it is positive


An interest rate swap


Firms often borrow money on a rolling or floating-rate basis. Under a floating-rate contract, every three months, say, the interest rate is reset in line with market rates, but the money will be outstanding for a longer period of say five years. A firm with this sort of financing in place is obviously exposed, much like an adjustable-rate mortgage borrower, to increases in the LIBOR rate at future points in time. A possible strategy for a firm in this position is to arrange an interest swap  this is a contract whereby the firm agrees to pay a fixed rate of interest and receive LIBOR at the end of each three month period over the five year term of the loan. Note that the interest rate swap is essentially a series of forward rate agreements extending over the whole five year term, since on each reset date over the period, the firm pays or receives the difference between the fixed and floating interest rates.





The contract details of the interest rate swap are as follows 





Contract type�
Interest Rate Swap�
�
Term�
5 years�
�
Underlying interest rate�
3 month LIBOR�
�
Reset Period�
3 months�
�
Swap Rate (Fixed)�
7 %�
�
Face value�
$10 million�
�
Position�
Long�
�



In this example, the swap pays the difference between $LIBOR and 7 per cent, on an underlying principal (face value) of $10 million, every three months for a total period of five years. The payoff diagram in the case of the long position in the swap is as follows 





�Object�


If LIBOR fluctuates above and below 7 per cent over the term of the contract, the swap will pay positive amounts in some periods and negative amounts in others. Looked at in isolation, the swap is a series of future gambles on the interest rate. However, when it is combined with a long term LIBOR related rolling loan agreement, it can be used to create a fixed rate loan of 7 per cent. The swap is a flexible contract which allows the LIBOR borrower to switch from a variable to a fixed rate of interest on their loans.





The interest rate swap is a series of forward rate agreements made to cover each of the three month periods of the total five year term of the loan. For a lender, as opposed to a borrower, a series of short forward contracts could be arranged. These would involve paying LIBOR and receiving a fixed rate of interest. This arrangement would be what is called a short interest rate swap contract. It has the reverse payments to those shown above. The short position receives 7 per cent and pays LIBOR-related interest.





Interest rate caps and floors





An alternative way to hedge a long term borrowing need is to buy an interest rate cap. This contract is a portfolio of interest rate options with maturities coinciding with future roll over dates for the LIBOR related loans. For example, a five year cap on three-month LIBOR consists of nineteen individual IRO's covering each three month period over the five year period. This is because there is really no option for the first period, since the interest rate is known. Each option gives the right to exchange LIBOR payments for the strike rate, on a specified principal amount. The contract details for a typical cap are as follows 


�



Contract type�
Interest Rate Cap�
�
Term�
5 years�
�
Underlying interest rate�
3 month LIBOR�
�
Reset Period�
3 months�
�
Strike rate�
7%�
�
Face value�
$10 million�
�
Position�
Long�
�
Option premium�
2.5%�
�



In this example, the cap pays the difference between LIBOR and 7 per cent, if it is positive, at the end of each three month period from now until the end of the five year period. The cost of the option in this case is assumed to be 2.5 per cent of the face value or $250,000, representing the aggregate cost of the nineteen option payments in the cap. The payoff diagram for the long position (i.e. for the buyer) of the cap is





�Object�


Note that all the payments are based on the LIBOR rate, adjusted for the day-count and for the underlying principal of $10,000,000.





An interest rate cap is an alternative to a swap for hedging LIBOR borrowing requirements. It provides a series of insurance contracts, placing a maximum on the rate to be paid on any three month loan while at the same time allowing the borrower to benefit from lower market rates if and when they occur.  Similarly, an interest rate floor is a portfolio of interest rate put options each of which gives the right to receive a fixed rate and pay LIBOR. The floor can be used by a lender who wishes to ensure a minimum return on a LIBOR related investment.





In addition to interest rate caps and floors, there is another instrument that is closely related, known as the swap option or swaption.  This contract, is the right to go long  or short a swap at a date in the future.  A payer swaption is the right to pay a fixed interest rate and receive the floating interest rate (i.e. go long the swap).  Similarly, a receiver swaption is the opposite - the right to go short the swap by receiving fixed payments and making  floating rate payments.  These instruments are useful for hedging a current swap position or to create or cancel one in the future.  Note that a swaption is an option on a portfolio of forward contracts, while caps/floors can be thought of as portfolios of options on forward contracts.





Foreign currency swaps, caps and floors





Corporations and investors often have cash flows denominated in foreign currencies that arise over multiple time periods in the future.  For example, a Japanese corporation may have negotiated a contract for supply of crude oil at a fixed dollar price over the next three years.  Similarly, a U.S. investor may have purchased a bond denominated in Swiss Francs.  In such cases, there are cash inflows and outflows, the amounts of which are known in foreign currency terms, but are uncertain when converted into the domestic currency.  In order to hedge the foreign currency exposure, the agent has to enter into a multiperiod hedge instrument such as a foreign currency swap.





Consider the case of a U.S. corporation that has issued a five-year Euro-bond denominated in Deutsche Marks, with a coupon of 7%.  If the corporation wishes to fix its funding cost in dollar terms, it could enter into a five-year dollar/DM swap.  This transaction is basically a series of forward contracts on the dollar/DM exchange rate, where the company pays dollars and receives marks.





The contract details of such a foreign currency swap are as follows 








Contract type�
Foreign Currency Swap�
�
Term�
5 years�
�
Underlying foreign exchange rate�
Fixed $/Fixed DM�
�
Reset Period�
None�
�
Swap Rate (Fixed)�
8% $ for 7% DM�
�
Face value�
$100 million�
�
Position�
Pay $, Receive DM�
�






In this example, the swap pays the difference between 8% in $ and 7% in DM, at the prevailing exchange rate at the end of each year over the next five years, on an underlying principal (face value) of $100 million. The payoff diagram in this case is as follows





�Object�


As the DM/$ exchange rate fluctuates over the term of the contract, the swap will pay positive amounts in some periods and negative amounts in others. Note that in contrast to the interest rate swap discussed previously, there is an exchange of principal on the maturity date of the swap.  This is because, unlike the interest rate swap, where the face amounts on the fixed and floating sides are identical in value, in the case of the foreign currency swap, the face amounts are in different currencies, and hence, would be worth different amounts depending on the exchange rate. This currency swap, when combined with a similar term DM borrowing, eliminates the foreign currency exposure of the borrower.  Hence, this contract allows the DM borrower to switch to a dollar obligation.





There are several variations of the above transaction.  The main ones are the interest rates used. In contrast to  the above example, where fixed DM are exchanged for fixed dollars, other variations would be fixed DM/floating $, floating DM/fixed $ and  floating DM/floating $.   As in the case of interest rate derivatives, there are foreign currency versions of caps, floors and swap options, which are defined in an analogous manner.





Foreign exchange and interest rate: hedging instruments


Foreign exchange and interest rate risks are an ever-present and important problem facing both individuals and companies. We have discussed various methods by which these risks can be hedged by using derivatives. These derivatives may be used to fix future borrowing or lending rates (using futures, forward/FRA's and swaps) or to insure against adverse movements (using options or caps/floors).





As mentioned earlier, many of the deals in the these derivatives market are done "over-the-counter," i.e. between dealers such as banks and  counter-parties such as firms and institutional investors, rather than on organized exchanges. This has led to the development of customized deals between parties. These contracts take account of the particular circumstances of the hedging firm. Detailed description of these customized or "exotic" derivatives is beyond the scope of this paper.  However, in the table below, we provide a brief definition of a selection of these hedging instruments. This gives some idea of the range of products available.





Diff Swap�
Pays the difference between the interest rate in one currency and the interest rate in another on a principal amount denominated in one currency.


�
�
American Swaption�
An option on a swap exercizeable at any time up to the maturity of the option.


�
�
Asian Option�
An option on the average interest rate over a specified period.


�
�
Knock-out or Down and Out Option�
An option that is valid only if the interest rate stays within a specified range.


�
�
Pay as you go Option�
An option where an additional premium is required at a series of points of time to maintain a valid option on the interest rate.


�
�



The diff swap has been used by US firms that have views about rates in one currency, Deutsche Mark for example, compared to say US dollars rates. Asian options have been particularly successful in Japan and France, where many contracts depend on the average of interest or foreign exchange rates over a specified period. Barrier options such as "Down and out" options and "pay as you go" options have been popular with corporations that wish to reduce the cost of caps or floors and are prepared to gamble against certain events occurring. These products show both the innovative ability and the complexity of the interest rate derivatives industry's response to foreign exchange and interest rate risk.





Conclusions


Foreign exchange and interest rate risk are among the most important risks facing most economic agents, whether they are corporations, institutional investors or  households.  In recent times, the volatility of these rates has increased substantially and, as a result, agents have a greater need to hedge against these risks.  A number of hedge instruments have been developed to manage these risks effectively.  Broadly speaking, there are forward and futures contracts which represent agreements to deliver a specified quantity of these assets at a specified price on a future date, and option contracts which confer on the holder to deliver the assets at the prescribed price, only if it is worthwhile to do so on the future date.  Many contracts such as swaps, caps, floors and swaptions are variations on these basic contracts and provide the ability to hedge multiperiod cash flows.  Other customized contracts, often referred to as exotics provide a vast array of hedging possibilities to agents facing interest rate and foreign exchange risk.


�
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