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VALUATION OF “PLAIN VANILLA” INTEREST RATES SWAPS

| nterest-rate swaps have grown tremendoudy over the last 10 years. With this development, there has
been a corresponding need to understand their pricing. An interest-rate swap in itsSmplest form isthe
exchange of a fixed-rate interest payment for a floating-rate interest payment. For example, a typica
swgp transaction might begin with a firm that has issued a three-year floating-rate debt instrument,
where the floating rate is LIBOR' + 75 basis points (one basis point equal's 0.01%).

LIBOR+75
Debtholders Basis points Firm

However, because LIBOR changes for each interest payment and the firm does not want the
interest rate uncertainty, management decides to swep the floating-rate obligation into afixed- rate loan.
A swap dipulatesthat the firm pay afixed rate to athird party in return for the firm recelving payments
based on LIBOR for the three-year term of the debt. The LIBOR payments received by the firm are
used to cover the LIBOR payments to the debtholders, and the

LIBOR+75 Fixed Rate
Debtholders | Basis points Firm Third Party
LIBOR

Y IBOR is the London Interbank Offer Rate, the rate that large international banks charge each other for
loans, and hence it has become the base rate for short-term loans made by banksto large corporations.
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net cost of the debt to the firm ends up equaling the fixed rate to the swap partner (the third party) plus
75 basis points. The objective of this note is to show how an interest-rate swap should be valued, i.e.,
how the fixed-rate portion of the ded should be determined.

The Problem

The problem of pricing a Sandard interest-rate swap can be addressed at a number of different
levels, depending on the level of accuracy required. Accuracy in this case means how accurately you
account for potentid differences in the timing of the cash flows to each party. In ared transaction
involving $500 million or more, the interest cost or payment received for just one day makes a
difference. This note avoids this issue by assuming that it is aways exactly three months between each
payment.

Let’s consider the specifics of the most common form of a swap, cdled a“plain vanilla’ swap.
This involves the swgpping of a floaing-rate (LIBOR) payment for a fixed-rate payment, which is
quoted as a spread over the U.S. Treasury rate of the same maturity. Examples of swaps and their
pricing structure are shown in Exhibit 1 The swap rate quotes in Exhibit 1 are for the case where the
floating-rate is based on the prevailing 6-month LIBOR rate where the floating and fixed payments are
made semi-annualy.? Exhibit 1 reveds that if you want to receive the fixed rate in a two-year swap,
you will receive 6.06 percent and pay six-month LIBOR. If you want to pay the fixed rate, you will pay
a fixed rate of 6.09 percent and receive six-month LIBOR. The difference between the ask and the bid
is the amount that the dedler makes as a profit or spread on the swap by receiving 6.09 percent and
paying out 6.06% on the fixed-rate part of the dedl.

LIBOR LIBOR
Party A— e Party B—
hasfixed, wants Dealer hasfloating,
floating rate 6.06% 6.09% wantsfixed rate

Dealer profit .03%

“The convention for a plain vanilla swap is that LIBOR payments are based on the rate in effect at the
beginning of the period. This means that the interest due on the payment date equal s the 3-month LIBOR in effect at
the beginning of the quarter times the notional principal .



-3 UVA-F-1121

All of the dates for payment are specified in the contract. At the inception of the swap no principd is
exchanged, and the payments, both floating and fixed, are based on an amount caled the notiona

principa. Assume a notiona amount of $100 million for convenience and a signing dete of June 17,
1995. The terms of a two-year swap would be that one party pays the three-month LIBOR that
prevails a the beginning of each quarter and in return receives 6.06 percent of $100 million paid
quarterly ($ 1.515 million). The fixed payment is made every three months and the floating payment is
reset every three months to the new LIBOR rate in effect at that time. The payment schedule looks as
follows

Typeof

Payrment SHHI5 1244795 3HHI6 6HF96 9H7496 1214796 3HHI7Z 6HHIT
Fixed $1.515 mill. $1.515 mill. $1.515mill. $1.515 mill. $1.515 mill. $1.515mill. $1.515 mill. $1.515 mill.
Floatina 3mo LIBOR 3mo LIBOR 3mo LIBOR 3mo LIBOR 3mo LIBOR 3mo LIBOR 3moLIBOR  3moLIBOR

Swaps are often quoted as U.S. Treasury yields + basis points. For example, the quote of 6.06 percent
represents a 15 basis-point soread over the prevaling two-year U.S. Treasury rate of 5.91 percent.
The pricing of an interest-rate swap involves determining what fixed rate to accept today in exchange for
recaiving the floating-rate flows.

Pricing I nter est-Rate Swaps
Example

Like mogt other derivative-based financid indruments, interest-rate swaps are priced on the
bass of arbitrage. Assume that you own athree-year ($50 million face value) bond with an interest rate
equal to the three-month LIBOR rate.® You are aware that LIBOR has been fairly volatile over the last
five years (see Figure 1) and you would like to diminate the interest-rate risk that you face for the
LIBOR rate over the next three years.  Interest payments are due quarterly on the 17th of September,
December, March and June of each year and are caculated by taking the three-month LIBOR rate at
the beginning of each quarter times the $50 million of face value. Thus, if today was June 17 and the
current three-month LIBOR was 5.75 percent, the first interest payment would be 5.75 percent / 4
=1.4375 percent of $50 million for a payment of $718,875 due on September 17.4

3Note that usually such a bond would have a rate equal to LIBOR plus some number of basis points (for
example, LIBOR + 50 basis points).

“We will assume that it is exactly one-fourth of a year between interest payments. In reality the actual
number of dayswould be used to calcul ate the fraction of the year in each quarter.
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Eurodollar Futures

Eurodollar futures contracts can be used to lock in the forward LIBOR interest rates. Exhibit
2 shows the Eurodollar futures contract specifications, and Exhibit 3 shows Eurodollar futures prices
for June 17, 1995. A futures contract is a contract between two parties. one who agrees to buy (long
position) at a set price and a sdler (short position) who agrees to sdll at that price. In this case the
underlying asst is the rate on a Eurodollar 90-day deposit. For example, the September Eurodollar
deposit rate is 5.74 percent, which means that a three-month deposit would earn 1.435 percent for the
three months beginning September 17. When two parties agree on a futures contract they are agreeing
on the forward LIBOR rate which is quoted as a Eurodallar futures price as follows:

Eurodollar Futures Price =100 - (agreed upon rate x 4) * 100

Thus, if the both sides agreed on a rate of 1.435 percent for the three months, the Eurodollar Futures
price would be 94.26. As another example, Exhibit 3 shows that the contract that matures in
September 1996 has a quoted settle price of  94.02 which implies an annualized rate of 5.98 percent
([100 - Eurodollar Futures Price]/100). Based on this price, the implied annual forward rate is 5.98
percent or 1.495 percent for the three-month period, September-December.

Hedging with Eurodollar Futures

In the case of the three-year loan with a $50 million face vaue and an interest rate equd to
three-month LIBOR, the interest-rate risk of the floating rate could be diminated by using Eurodollar
futures. Since we would want to receive money when interest rates rise and pay when they drop, we
should take a short (sell) position in the Eurodollar futures contracts.  Suppose we used a short position
to hedge the interest-rate risk of the interest payment due December 17, 1996. We would take a short
position in 50 Eurodollar futures contracts ($50,000,000) to hedge our exposure. In doing so, we
would fix our interet-rate costs at 5.98 percent. To demondirate this, assume as above that the actua
three-month rate turns out to be 6.25 percent. On our $50 million loan we would owe $781,250 in
interest, where

$50,000,000" [LIBOR]
4

A short (sdll) position in 50 contracts would have resulted in the receipt of atota of $33,750 ($675 x
50) in settlement payments® The hedge therefore reduces the net interest cost to $747,500 ($781,250

Interest =

>Settlement payment to the futures short position for one contract is determined as:
$1,000,000 (Actual Rate- Futures Rate)/4
Thus, for an actual rate of 6.25% and afutures rate of 5.98% the payment is:
$1,000,000 (.0625 - .0598)/4 = $1,000,000(.000675) = $675.
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- $33,750). In percentage terms this is 1.495 percent for the quarter ($747,500/$50,000,000) or
5.98 percent annudized. If LIBOR turned out to be 5.25 percent, our interest due on the $50 million
would be 1.3125 percent (5.25 percent / 4), or $656,250. The short postion in the 50 Eurodollar
futures contracts would require a payout of $91,250 ($1,825 =~ 50) and the total cost would be
$747,500 ($656,250 + $ 91,250) or 5.98 percent annualized.

A dmple way of viewing the use of Eurodallar futures contractsisthe following. Taking the sl
sde of a Eurodallar futures contract pays off the difference between the forward rate, F and the spot
rate, S, or (F-S) x $1million. Hence the combination of a position of paying the spot rate on$1 million
plus taking the sdl side of a Eurodollar futures contract resultsin a payment of

Loan + sdl-dde futures = fixed rate
S+(F-9=F

The result converts a variable rate payment into a fixed rate payment.

Thus, in this example, the Eurodollar futures contracts can be used to hedge the interest-rate
risk and convert a series of unknown future three-month LIBOR ratesinto a series of known payments.
Exhibit 4 shows the interest rate payments and LIBOR rates that can be locked in today using the
Eurodollar futures contracts in Exhibit 3.° Because the hedging process alows us to know what dl the
LIBOR payments will be, we can solve for the fixed-rate payments by setting the present vaue of the
LIBOR payments equd to the present vaue of the fixed payments.

Swaps
Determining spot rates from Eurodollar futures

The usud swap transaction involves swapping from floating into a fixed equa payment. Above
we saw tha using futures alows us to costlesdy convert the uncertain future LIBOR payments into a
series of fixed payments. The fixed payments are the certainty equivaent of the LIBOR payments.
They are equivdent. It is the same as choosing between four quarters and a dollar bill. Y ou consider
them equivaent because you can costlessy change from one to the other. Consequently, the present
vaue of the fixed payments and the floating LIBOR payments should be the same. When we consider
swaps, the issue is what series of fixed equa payments has the same present vaue as the LIBOR
payments?

®Because futures contracts are “marked to market” daily, they may require periodic cash flows prior to the
interest payments being hedged. This makes the hedging process more complicated than presented here and
emphasi zes the convenience aspect of using swaps to hedge rather than a series of futures contracts.
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The firgt step is to caculate the present vaue of the LIBOR payments. To do this we need the
appropriate discount rates for each payment. This is the LIBOR spot rate. Spot rates can be
edtimated directly from the Eurodollar futures (forward) rates. Assume that the current 3-month LIBOR
rate is 5.50 percent and that the futures rates are those shown in Exhibits 3 and 4. Then the spot rate
for the first payment, S mos, IS 1.375 percent (.055/4) for the three months or 5.50 percent annuaized.
The spot rate for the second payment, Semos 1S 5.62 percent and is computed as follows:

(1 + SGmos/4)2 = (1 + SSmos/4)1 ’ (1 + F46m05/4)1
Semos = {[(1 + Ssmos/4)l 1+ |:4P6mos/4')l]1/2 -1} 4
Semos = {[(1 + .0550/4)* * (1 + .0574/4)"1%- 1} 4

S6mos = 5.62%.

Spot rates for each interest-payment period are shown in Exhibit 5.

Pricing I nter est-Rate Swaps

Once the spot rates are estimated, the swap can be priced, i.e, the fixed rate that will be
exchanged for the LIBOR rate can be computed. The process is to caculate the present vaue of the
fixed hedged payments that result from the Eurodollar futures postion using the spot rates as the
discount rates (see Exhibit 6). The present vaue of the LIBOR payments from the Eurodollar hedged
position is $8,251,448. In order to find the fixed (annua) swap rate, FC, we need the rate that has the
same present vaue as the present vaue of the Eurodollar futures hedged, or

FC/4" $50 mill. N FC/4” $50 mill. N FC/4” $50 mill. - FC/4” $50 mill.

$8,251,448 = - . — .. .
(1+ SBmos /4) (1+Sﬁmos/4) (1+ S)mos/4) (1+836mos/4)

Solving for FC/4, we find that a quarterly payment of $754,934 has a present value of $8,251,448. On

"The annualized rates are determined based on the quarter for which the rate is computed. For the three-
year swap there are 36 months and 12 quarters. Therefore thefinal spot rate is Szgmes @nd is computed as:

Sasmos = {L(1+ Saamos/4 )™ (1+ Fagaemes/d )'172- 17 4
(1+ Ss6mosl4 )12: (1+ S33mosl4 )llx(1+ F34-36mos/4 )l

If we assume that S;3 05 has aready been computed as 6.012% and the three-month forward rate for months 34-36,
Fas 36mos, 1S taken from Exhibit 3 as the futures rate for March 1998 or 6.56%, Ssgmes IS

Samos = {[(1+.0612/4)™ " (1 +.0656/4)]"* -1} * 4
Ssemos ={[(1.17832) " (1.0164)]"**-1} * 4
Ss6 mos = 6.057%.
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a percentage basis the swap rate (fixed rate) is 1.51% per quarter ($754,934/$50 million) or 6.04
percent annualized.
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$SWAPS2
$SWAP3
$SWAP4
$SWAPS
$SWAP7
$SWAP10
$SWAP15
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Index
Index
Index
Index
Index
Index
Index
Index
Index

SEMI-ANN (ACT/ACT)
VS6-MO U.SS$LIBOR

LONDON INTERBANK

LIUSO6M

INDEX

TIME

13.09
13.09
13.09
1.309
13.09
13.09
13.09
13.09
13.09

6.00

BID

6.06
6.24
6.39
6.59
6.64
6.84
713
722
7.27

5.75

Swap-Rate Quotes

ASK

6.09
6.27
6.42
6.52
6.67
6.87
717
7.26
731

5875
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CHANGE

+.04
+.05
+.05
+.07
+.05
+.05
+.06
+.04
+.05

OPEN HIGH
6.04 6.11
6.21 6.3
6.37 6.45
6.44 6.53
6.61 6.69
6.82 6.89
711 7.18
122 7.29
124 734
5875 5875
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LOW PRV CLS

6.03
521
6.37
6.44
6.61
6.81
71

721
124

5875

6.05
6.22
6.37
6.45
6.62
6.82
711
122
7.26

5875
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Exhibit 2
VALUATION OF “PLAIN VANILLA” INTEREST-RATE SWAPS

Eurodollar Futures Contract Specifications

Commodity: Three-month Eurodallar Time Deposits

Ticker Symbol: ED

Contract Size: $1,000,000

Contract Months: March, June, September, December

Minimum Price Change: 1 bp (basis point) = $25

Price Limit: None

Trading Hours

(Chicago Time): 7:20am - 2:00 pm (last day-9:30 am)

Last Day of

Trading: Second London business day prior to the third
Wednesday of the ddivery month.

Ddivery: No ddivery for Eurodallar futures.  Settlement is in

cash. Find settlement on last day of trading.



Sep-95
Dec-95
Mar-96
Jun-96
Sep-96
Dec-96
Mar-97
Jun-97
Sep-97
Dec-97
Mar-98
Jun-98
Sep-98
Dec-98
Mar-99
Jun-99
Sep-99
Dec-99
Mar-00
Jun-00
Sep-00
Dec-00
Mar-01
Jun-01
Sep-01
Dec-01

VALUATION OF “PLAIN VANILLA” INTEREST-RATE SWAPS

Open
.22

U2
U221
94.07
9394
93.73
93.69
93.60
9351
93.38
93.36
93.30
9325
9315
9314
93.08
93.02
92.83
92.93
92.87
92.82
9273
92.73
92.66
92.62
9254

High
94.27
94.33
94.33
94.18
94.03
93.82
93.77
93.67
93.60
93.46
93.44
93.37
93.31
93.21
93.20
93.14
93.07
92.97
92.97
92.91
92.85
92.76
92.76
92.69
92.63
92.55

Low
94.20
94.22
94.21
94.05
93.92
93.72
93.67
93.58
9351
93.38
93.36
93.30
93.24
93.14
93.13
93.07
93.01
92.92
92.92
92.86
92.82
92.73
92.77
92.66
92.61
92.53
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Yield Open

Settle Chg Settle Chg [ nterest

94.26 0.04 5.74 -0.04 572,429
94.32 0.10 5.68 -0.10 358,942
94.31 0.10 5.69 -0.10 297,932
94.17 0.10 583 -0.10 200,783
94.02 0.11 5.98 -0.11 168,515
93.81 0.09 6.19 -0.09 145,111
93.76 0.09 6.24 -0.09 121,782
93.67 0.09 6.33 -0.09 103,897
93.59 0.09 6.41 -0.09 80,127
93.46 0.09 6.54 -0.09 70,035
93.44 0.09 6.56 -0.09 60,246
93.37 0.08 6.63 -0.08 54,456
93.31 0.07 6.69 -0.07 41,385
93.20 0.06 6.80 -0.06 35,166
93.19 0.06 6.81 -0.06 30,628
93.13 0.06 6.87 -0.06 25,432
93.07 0.06 6.93 -0.06 17,042
92.98 0.06 7.02 -0.06 13,599
92.98 0.06 7.02 -0.06 10,988
02.92 0.06 7.08 -0.06 9,272
92.86 0.05 714 -0.05 8,235
90.77 0.05 723 -0.05 6,460
9R.77 0.05 7.23 -0.05 6,156
92.70 0.05 7.30 -0.05 6,810
02.64 0.05 7.36 -0.05 7,228
92.56 0.05 7.44 -0.05 6,870

Eurodollar 90-day Futures Contract Prices (WSJ June 17, 1995)
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VALUATION OF “PLAIN VANILLA” INTEREST-RATE SWAPS

Interest Payments from using Eurodollar Futures Contracts

FuturesRates Notional I nterest
Date (Forward Rates) Amount Payment
Jun-95 550 $50 million $ —
Sep-95 574 50 million 687,500  (.0550/4 x $50M)
Dec-95 5.68 50 million 717500  (.0574/4 x $50M)
Mar-96 5.69 50 million 710,000
Jun-96 5.83 50 million 711,250
Sep-96 598 50 million 728,750
Dec-96 6.19 50 million 747,500
Mar-97 6.24 50 million 773,750
June-97 6.33 50 million 780,000
Sep-97 6.41 50 million 791,250
Dec-97 6.54 50 million 801,250
Mar-98 6.56 50 million 817,500
Jun-98 6.63 $50 million $820,000

UVA-F-1121
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Exhibit 5

Egtimation of Spot Rates
Date Futures Rates Date

From To (Forward Rates) From To Months Spot Rates
Jun-95  Sep-95 June-95  Sep-95 3 5.50%
Sep-95 Dec-95 574 Jun-95 Dec-95 6 5.62
Dec-95 Mar-96 5.68 Jun-95 M ar-96 9 564
Mar-96 Jun-96 5.69 Jun-95 Jun-96 12 5.65
Jun-96  Sep096 5.83 Jun-95 Sep-96 15 5.69
Sep-96 Dec-96 5.98 Jun-95 Dec-96 18 574
Dec-96 Mar-97 6.19 Jun-95 Mar-97 21 5.80
Mar-97 Jun-97 6.24 Jun-95 Jun-97 24 5.86
Jun-97 Sep-97 6.33 Jun-95 Sep-97 27 591
Sep-97 Dec-97 6.41 Jun-95 Dec-97 30 5.96
Dec-97 Mar-98 6.54 Jun-95 Mar-98 33 6.01
Mar-98 Jun-98 6.56 Jun-95 Jun-98 36 6.06%

UVA-F-1121
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Present Vaue of Eurodollar Futures Hedged Interest Payments
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Exhibit 6

Date Spot LIBOR Present
From To Months Rates Payments Vaue
Jun-95  Sep-95 3 5.50% 687,500 $678,175
Jun-95  Dec-95 6 5.62 717,500 697,755
Jun-95  Mar-96 9 564 710,000 680,795
Jun-95  Jun-96 12 5.65 711,250 672,428
Jun-95  Sep-96 15 5.69 728,750 679,075
Jun-95  Dec-9%6 18 5.74 747,500 686,287
Jun-95  Mar-97 21 5.80 773,750 699,562
Jun-95  Jun-97 24 5.86 780,000 694,380
Jun-95  Sep-97 27 591 791,250 693,422
Jun-95  Dec-97 30 5.96 801,250 691,110
Jun-95  Mar-98 3 6.01 817,500 693,783
Jun-95  Jun-98 36 6.06% 820,000 684,676

Tota Present Value

$8,251,448

UVA-F-1121
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Figure 1

VALUATION OF “PLAIN VANILLA” INTEREST-RATE SWAPS

LIBOR 3-Month Rates
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