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Introduction*

A swap is an agreement between two counterparties to exchange cash
flows linked to two different indices at one or mere dates in the future.
Swaps have been used in conjunction with indices relating to interest and
exchange rates as well as commodity and equity prices. With interest rate
swaps, typically, the cash flows which are exchanged consist of interest
payments having different characteristics but based on a common under-
lying or notional principal amount which in general is not exchanged.
The most common (“plain vanilla") interest rate swap consists of one
party undertaking payments linked to a short-term floating interest rate
index such as LIBOR and receiving a stream of fixed interest payments;
the other counterparty undertakes the opposite set of transactions.
With currency swaps and commodity swaps the cash flows which are
exchanged consist of payments indexed to interest rates (fixed or floating)
in different currencies (and typically also include the exchange of the
underlying principal amounts at maturity) and to prices of commodities
respectively.

Since their inception in the early 1980s, various types of swap’
have come to dominate the markets for over-the-counter derivative

* { am indebted to P. Hainaut, P. van der Meulen, }.-8. Stuker, K. Brodhage and B. Allemann for
helping to obtain the data for this study. M. Post and D. Simon, of the Federal Reserve Board,
provided extremely useful comments on an earfier version of the paper. The commants by several
colleagues, especially S, Arthur, C. Borio, W. Fritz, |.-M. Kertudo, C. Monticelli, M.-O. Strauss-
Kahn and M. Takeda, are also grazefully acknowledged.

¥ The generic term “swap” is applied to many other transactions in the financial markets. In the
foreign exchange market a “swap” refers to a spot purchase and forward sale of one currency
against another (see Grabbe (1986}, Chapter 4). In the securities markets “swaps™ consist of the
sale of a security and the purchase of another security with somewhat different characteristics;
typically, such swaps are undertalken between the most recent and actively traded long-term us
Treasury securities, which are commonly referred to as “on the run”, and other, "off the run”
securities {see Homer and Leibowitz (1972)). A description of a specific episode of a pricing
anomaly giving rise to potential arbitrage profits in the US government securities market is provided
by Cornell and Shapire {1989).



instruments and to rival in size and depth those for futures contracts
traded on organised exchanges. The key parties to swap transactions are
commercial and investment banks, though probably all major financial
market participants have been counterparties to some form of swap.

Swaps have evolved from being initially linked to new issue activity in the
capital markets, particularly the Euro-bond market, to being a more
general instrument for financial risk management. This evolution has been
accompanied by growing sophistication in the techniques utifised and by
the development of new related financial instruments, such as caps, floors
and swaptions {see Abken, 1991; Smith et al., 1990). At the same time,
the basic swap transactions have become increasingly standardised, with
two-way prices for swaps of various maturities being quoted by major
commercial and investment banks and posted by brokers.

The purpose of this paper is to examine the valuation or pricing of
interest rate swaps, specifically in the US dollar market. The first section
provides a brief overview of the structure of the interest rate swap
market and summarises some of the explanations which have been given
for its growth.

The second section describes the main features of standard interest rate
swaps, the principal market conventions and the pricing relationships with
other closely substitutable financial instruments. Swaps are derivative
instruments and their pricing is bounded by that of other financial trans-
actions. In particular, Euro-dollar futures and new issucs of fixed interest
rate bonds can be used to obtain a structure of interest rate payments
similar to that offered by swaps. However, like many other derivative
instruments, arbitrage pricing may be difficult or imperfect, with the result
that risi elements enter the pricing of swaps. The third section considers
several potential expfanatory factors for the prices of swaps when arbi-
trage is not perfect.

The remainder of this study examines the relationship between the
pricing of US dollar interest rate swaps and other financial variables. The
fourth section describes the statistical properties of a sample of interest
rate swap spreads with different maturities in order to compare them with
those of other commonly traded financial instruments. The fifth section
outlines a model for the pricing of swaps in terms of other economic
variables and provides evidence on the different factors which influence
the pricing of swaps with various maturities.



1. The evolution of the interest rate swap market

1.7 The structure of the market

At end-1991 outstanding interest rate swaps in terms of their notional?
principal value — the underlying face value of the debt on which cash flows
between swap counterparties are based — stood at over $3,000 billion, or
nearly 350% higher than at end-1987. Interest rate swaps accounted for
well over two-thirds of all swap and swap-related business reported by
ISDA (International Swap Dealers Asscciation).

Several changes have accompanied the expansion of the market for
interest rate swaps.’ Firstly, the share of outstanding interest swaps
accounted for by transactions between the main financial intermediaries,
the members of ISDA, has risen from 30% at end-1987 to 44% at end-
1991. This development reflects the changing use and character of swaps
in recent years. The earliest swaps were undertaken on a one-off basis,
which involved a search for matching counterparties in terms of amounts,
maturities and currency. Interest rate swaps were also often directly linked
to new issue activity in bond markets. With time, intermediaries began to
accept swaps without searching for matching positions, taking the interest
rate risk into their books. This process was accompanied by a growing
standardisation of contracts as intermediaries began to place greater
emphasis on being able to deal efficiently in swaps and to hedge positions
temperarily until a suitable counterparty could be found. Swaps also
became a more general instrument of risk management, especially for
financial institutions, and to some extent replaced more traditional inter-
banlk activity. In the dollar sector, in particular, this development was
reflected in the sharp decline in the weighted average original maturity of
new swaps, from 4.1 to 2.5 years between the first half of 1987 and the
second half of 1991.

Secondly, the share of the US dollar sector in total interest rate swaps
outstanding contracted between end-1987 and end-1991 from 79 to
49%. The decline in the share of the US dollar reflects the gradual
spreading of interest rate swaps to new markets. At end-1991 the most

2 The term “notional” is used because the principal amount rarely, if ever, changes hands.

3 A description of the early development of the swap market is contained in Bank for interna-
tional Settlements {1986). More recent changes are discussed in Bank for International Sectlements
{1992b).



Table 1
Main features of the interest rate swap market, 198791
Notional principal value, in billions of US dollars

News swaps arranged Amounts
outstanding

1987 1988 1989 1990 1991  acend- atend-

1987 1991
End-user ... ... 261.9 375.0 5155 779.7 8601 4762 17228
USdollar .. ... 1926 237.9 3314 4152 4764 379.9 831.0

Other currencies 69,3 1371 184.1 364.5 383.6 96.3 891.8

Interbank (berween
ISDA members) 1259 1931 318.0 484.5 761.8 206.7 1,342.3

USdollar ... .. 94.1 1284 213.8 261.1 450.0 161.6 675.0
Qther currencies  31.8 64.7 104.2 223.4 311.8 45.1 667.3
Total ... ..... 387.8 5681 8335 1,264.2 1,621.8 6829 3,065.1
USdollar .. ... 286.7 366.3 5452 676.3 926.4 5415 1,506.0

Orher currencies  101.1  201.8 288.3 587.9 6954 1414 1,559.1

Source: 1SDA.

important non-doffar currency sectors were the yen and pound sterling
segments.

Thirdly, the expansion of interest rate swaps in non-dollar currencies has
coincided with a shift in the geographical and sectoral distribution of end-
user business. Between end-1987 and end-1991 the share of European
counterparties in total outstanding end-user swaps expanded from 30 to
45%, whereas that of US entities shranl from 45 to 35%.

1.2 Explanations for the growth of the market

The initial impulse for the growth of the swap markets can be found in the
changes which the financial markets underwent in the 1980s. Both the
demand for and supply of new financial instruments were stimulated by
advances in technology, the process of deregulation and the valatility of
asset prices. The emergence of novel arbitrage possibilities and, more
importantly, the abifity to exploit market inefficiencies were major factors
in the rapid expansion of swaps. One would have expected, however, that
by the beginning of the 1990s the growth of the market would have
slowed down considerably because arbitrage opportunities due to market
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imperfections would gradually have been eroded away in spite of the
ever-increasing compiexity of swaps and the widening of the range of
swap-related transactions.*

Several economic motivations have been put forward for the continuing
growth of the market.

“Quality spreads” and comparative advantage. |t is often argued that
swaps owe their existence to the comparative advantage of different
borrowers across segments of the credit market (Bicksler and Chen,
1986). This argument stems in part from the observation that credit risk
differentials exist between fixed and floating rate borrowing and that such
“quality spreads” (e.g. the premia that lower-quality borrowers must pay
over higher-rated takers of funds) tend to increase with the maturity of
debt (see Section 2.4 below). Borrowers with a high credit standing appear
to have an absclute advantage in all credit markets but a comparative
advantage relative to other borrowers in raising funds in the fixed rate
market at long maturities. Accordingly, swaps produce a gain to the two
counterparties when the borrower with the lower credit standing takes up
funds at a variable rate and the borrower with the higher credit standing
taps the fixed-rate market.”

Comparative advantage is not a full explanation of swaps because it
leaves unanswered the question of why “quality spreads” persist over
time. Indeed, if interest rate differentials were simply due to market
inefficiencies the use of swaps would tend te eliminate differences in
“quality spreads” for securities of the same term (see Smith, Smithson and
Walkeman, 1990}, Even if “quality spreads” were due to different credit
risk premia for short-term (variable rate) and long-term (fixed rate) debt
such spreads could not necessarily be exploited by swaps if the cost of
short-term debt rose over time to reflect the increasing probability of a
borrower's defautt. The initial interest rate saving from a swap for the
counterparty with the higher credit rating would merely be compensation
for the risk of the other counterparty failing to perform its part of the
swap agreement,

Information asymmetries and agency costs. Arak et al. (1988) suggest
that swaps allow counterparties to separate interest rate risk from credit
risk more effectively than do other instruments. For example, they argue

4 Under these circumstances swaps would merely prove to be redundant securities (see Turnbudl,
1987).
5 See Das (1989) for a description of the benefits te both counterparties from this transagtion.
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that borrowing short-term and swapping into a fixed rate liability would be
preferred if a counterparty entered into a swap as a result of the following
expectational asymmetries:

a. it expected future risk-free interest rates to be higher than those of
the market;

b. its risk aversion with respect to risk-free interest rates was greater
than that of the market;

¢. it expected future credit spreads to be fower than those forecast by
the market;

d. it was less risk-averse with respect to changes in its own credit spread
relative to the market.

Another explanation of the attractiveness of swaps relies on differences
in agency costs between long and short-term debt.” Wall (1989} argues
that after a low-rated borrower issues long-term debt there is an incentive
to make the firm riskier at the expense of the bondholder. Bondholders, in
turn, perceive this incentive and attempt to protect themselves by
requesting a larger premium than higher-rated companies which have
already established a reputation. The agency problem, however, can be
avoided if low-rated borrowers issue short-term debt and swap into fixed
interest payments; the firm is monitored in each period that it enters the
short-term debt market and is not required to pay the long-term premium
for agency costs.

Differential prepayment options. Unlilke most types of debt, interest
rate swaps do not allow a counterparty to prepay its obligations at face
value should interest rates move in its favour. For example, most bonds
carry call provisions. Hence, if rates fall a borrower has an incentive to pay
off the bond and refinance at a lower interest rate. As a consequence, the
cost advantage on the fixed leg of an interest rate swap can be perceived as
the cost saving from foregoing the interest rate option.

Tax and regulatory arbitrage. Even in very efficient markets tax and
regulatory factors as well as investors’ own self-imposed constraints may
limit the scope for a complete elimination of differentials in “quality
spreads” across markets. For example, regulatory requirements such as

¢ Such expectational asymmetries imply the existence of information asymmetries. The possi-
bility of credit quality signalling through the issuance of long-term debt and synthetic financing via
short-term debt and swaps is discussed by Litzenberger {1992).

7 Agency costs arise in situations where contractual relationships give rise to divergences of
interests between counterparties.
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those imposed by the SEC (Securities and Exchange Commission} in the
WUnited States on bond issuance could be circumvented by using swaps and
tapping the Euro-bond markets. Among the seif-imposed constraints the
rmost important are the requirements set out in charters that institutional
investors hold only certain types of asset and the inability to take short
positions in all types of security.®

Interest rate exposure management. As already mentioned, swap
markets have evelved during a period characterised by major changes in
other sectors of the financial markets, which have also grown dramatically
in recent years.? For example, in the 1980s large increases were recorded
in turnover and open positions for financial futures and in the volume of
transactions in the foreign exchange market.

Two developments accompanying these changes may help to expiain
the continuing growth of swaps. Firstly, very strong interlinkages have
developed between the various segments of the financial markets. Shoclks
accordingly tend to be transmitted across various financial markets and
generate transaction volume in different segments, whereas in the past
they would affect only a narrow segment. Secondly, swaps have evolved
into major tools for asset/liability management by allowing rapid modifica-
tions to exposures without entailing potentially costly changes in on-
balance-sheet positions. This flexibility has meant that shocks flowing
through the financial markets have inevitably tended to involve swap
transactions.

2. Pricing of interest rate swaps

2.1 The nature of interest rate swaps

As already mentioned, a standard interest rate swap is a contract that
obligates one party to make payments linked to a fixed interest rate and
obtain receipts based on a floating index, and the other party to assume
the opposite set of obligations. Typically, one counterparty (A} agrees to
pay interest based on a floating rate such as LIBOR, which is reset periodi-
cally throughout the life of the swap. The other counterparty (B) pays a

8 An example of a tax-motivated set of swap transactions is provided by Smith, Smithson and
Wakeman (1990}, pp.220—-224.
? Banl¢ for International Settlements (1992a), Chapter Vill.
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known fixed interest rate set initially for the life of the swap, In a generic
swap the maturity and the notional principal on which the interest
payments are based are identical for both legs of the swap and no actual
exchange of principal takes place. The fixed rate payer (and floating rate
receiver) is said to have purchased a swap (or “gone long") whereas the
floating rate payer (and fixed rate receiver) is said to have sold a swap (or
“gone short™).

The two underlying instruments to which interest rate swaps are most
closely related are a portfolio of loans and a portfolioc of forward
contracts. In terms of cash flows, a swap can be viewed as nothing more
than a long and 2 short position in two loans of equal value with interest
being paid at a fixed rate and being received at a variable rate or vice
versa.t0

In contrast to parallel loans, which consist of two separate contracts,
interest rate swaps comprise only ane contract. This means that the
periodic interest payments under swaps are on a net basis (with the net
amount being determined as the difference in interest rates) from the
party with the greater obligation to that with the lesser one. In the
example, the net amount for which A is responsible will increase in a rising
interest rate environment and fall with declining rates. It is also important
to note that the agreement to exchange the payment streams is indepen-
dent of other assets or liabilities which either of the counterparties may
have contracted, but in practice swaps are for most end-users related
directly to other financial transactions, such as borrowing in the capital
markets.

2.2 Market conventions and “spreads”

The conventions for quoting swaps vary from one market to another: In
general, the market convention for quoting swap levels is to post the afl-in
cost (the internal rate of return or yield to maturity) of the fixed side of
the swap versus the opposite flow of the floating index. In most markets
the fixed rate interest payments are quoted outright™ but in the US dollar

** See Smith, Smithson and Wakeman {1 990), Chapter |i.
** Differences with regard to quotation are analogous o those in fixed interest rate securities
markets, for example in respect of the length of the year (i.e. 360 or 365 days).
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market the swap's all-in cost is expressed as a basis point spread to the
sermi-annual bond equivalent interest rate taken from the US Treasury yield
curve. For example, a ten-year LIBOR swap might be quoted as “Treasury
yield curve plus 50-55 basis points versus six-month LIBOR flat".™2 This
means that a dealer would enter into the swap to receive six-month
LIBOR flat and make fixed payments over the life of the swap at a rate 50
basis points above the semi-annual bond equivalent yield taken from the
Treasury yield curve at the ten-year maturity. Alternatively, the dealer
would offer to receive fixed (and pay floating) at 55 points above the yield.

The spread on a new swap can be non-zero if at least one of the parties
to the swap cannot borrow at the risk-free rate. This can be seen in the
following example. Suppose that the borrowing rates in the securities
marlet of one of the two counterparties to the swap arery + handr, +
H, where ry and r, are the benchmarl risk-free short-term (Treasury bill)
and long-term (Treasury bond) interest rates respectively, and h and H are
the risk premia on the two securities. In this example, the par value of
issuing the two risky securities is identical but the risk premium over the
benchmark interest rate varies with maturity. If the floating payments
under the swap are based on ry and r,, then the swap spread will be the
floating rate flat against the fixed rate plus H-h.

The value of H-h can be interpreted as the default premium of longer-
term borrowing over the short-term benchmark rate. In other werds, the
value of the spread is that which equates the cost of borrowing in the fixed
rate market with the cost of taking up floating rate funds and swapping
them with funds carrying a fixed rate. This equality can also be seen as the
outcome of borrowing at ry + h, investing the proceeds at r, + H and
evaluating the return in terms of ry and against r, plus a spread. The
example also illustrates that swaps have a value only if H and h differ.”?

2 LIBOR is the most commonly quoted floating rate index in the US dollar market. Other
indices employed in US doliar interest rate swaps are the commercial paper index, the US Treasury
bilt rate and the US prime rate.

P ¢ is also possible for a “spread” to arise in a swap between two riskless counterparties for
technical reasons. For example, if there are lags in determining the coupon rule used to set the
variable interest rate payments, Le. if the interest payment rule does not match the maturity of the
investment in the short-term security to which the floating interest rate is tied, there will be an
interest rate mismatch or “basis risl<”. This will typically occur if the coupen rule is based on an
average of previously issued short-term securities. An analogous type of basis risk may arise if the
relative value of the floating and fixed rate instruments deviates from par owing to call provisions or
special features such as warrants or restrictive covenants attached 1o one of the securities.
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2.3 Short-term interest rate swaps and Euro-dolffar futures

The ability of intermediaries to accept a swap contract without an imme-
diate matching transaction, or to manage a portfolio of swaps depends on
the existence of other instruments which allow dealers to hedge their
swap exposures. Hence, the valuation of swaps will be tied closely to the
price of other instruments whose cash flows can be used to replicate those
of a swap. In particular, the structure of forward rates implicit in the swap
must in equilibrium conform with the market view in order to avoid
arbitrage taking place with other markets.

The primary influence on shorter-dated swaps is the hedging costs in the
Euro-dofiar futures markets. Euro-dollar futures contracts which specify a
forward rate on a three-month time deposit beginning on a specific future
date can be used to hedge the exposure on short and medium-term (under
three years) interest rate movements. A series or “strip” of futures
contracts for different maturities creates the same exposure as an interest
rate swap. For a given series of quarterly LIBOR-related payments, a strip
consisting of the sale of Euro-doflar contracts with successive expiration
dates would effectively lock in a fixed interest rate: an increase in LIBOR
would be offset by the decline in the price of the Euro-dollar futures
contract and vice versa.

Since LIBOR-based swaps perform much the same function as strips of
interest rate futures, the yields obtained through the two instruments
should be roughly aligned. However, there are quantitative and qualitative
differences between the two instruments." These differences are analo-
gous to those which exist between forward contracts and futures. Firstly,
there isa “basis risk"” in replicating a swap with a strip of futures contracts.
This basis risk arises because futures contracts expire at specific dates (viz.
the third Wednesday of March, June, September and December) whereas
swaps, like forward contracts, are arranged for fixed maturities at varying
expiration dates. Hedging a swap with a strip of futures may aiso entaif
some degree of basis risk if the interest rate on the Euro-doHar contract
does not converge to LIBOR. Secondly, in the presence of random
interest rates and with constant daily resettlement of futures contracts
(“marlking to market”), the prices of futures and forwards should not be

" The practical problems involved in setting up a Euro-dolfar strip hedge are discussed in
Kawalter (1989).
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Graph 1
Two-year interest rate swap and synthetic spreads
from strips of Euro-doflar futures*
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* The synthetic spread is the fixed rate created with a strip of Euro-dollar futures contraces (closing
prices) expressed as a spread over US Treasuries, Transaction costs are not included. Both swap and
synthetic spreads represent mid-market levels.

Source: Evans and Parente {1987).

equal (see Cox, Ingersoll and Ross, 1981). Empirically, however, the prices
of forward and futures contracts does not appear to have diverged
markedly, at least as far as other markets, such as the foreign exchange
market, are concerned (see Cornell and Reigenaum, 1981). Finally, a strip
of futures carries little or no default risk in comparison with swaps, since
clearing house risk in the futures markets is smaller than that of over-the-
counter transactions. In addition, temporary differences in liquidity may
affect arbitrage between the two markets.

in the light of these factors it is interesting to abserve that the absolute
swap rate and the synthetic fixed rate into which a LIBOR liability can be
hedged using Euro-dollar futures contracts (expressed as a spread over
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Treasuries) have converged markedly since the mid-1980s. Graph 1 ifius-
trates that the differential between the two-year interest rate swap spread
and the synthetic spread has narrowed from 40 basis points at the begin-
ning of 1985 to on average less than 1 basis point at the end of September
1987.% At present, two-year swap spreads are forced by dealers to
converge within 5 basis points of the synthetic spread.* Transaction costs
and minor differences in the time of day at which swaps and synthetic
spreads are priced remain the principal factors accounting for the differen-
tial between swaps and a strip of futures,

2.4 Longer-dated swap and bond prices

The prices of longer-dated swaps, the maturities for which futures
contracts are not available, are determined on the basis of other instru-
ments. As already mentioned, the relative credit ratings in the fixed and
floating rate marlets provide the incentive for interest rate swaps. At the
same time, the prices of other instruments set the boundaries within which
the swap rate can vary. Generic interest rate swaps have for the most part
been arranged between highly-rated corporate counterparties which have
access to funds in the longer-term markets and lower-rated counter-
parties which raise funds at floating rates, often in the international
banking markets. Owing to risk premia associated with default experience
in the bond markets, fixed rate funds tend to require a wider quality spread
between higher and lower-rated counterparties than the floating rate
markets.

The exact boundaries within which the longer term swaps fall are
described in the following example. Suppose that a borrower with a lower
credit standing were unable to access the longer-term fixed interest bond
market without incurring a significant cost in terms of the spread (L)
payable over a benchmark rate (T). Under these circumstances this
borrower would end up seeking bank funds or another form of short-term
indebtedness instead of longer-term funds. If swap prices are convenient
the borrower with lower credit standing would seek to borrow at short

1% Although it s difficult to assess its direct impact, the growth of the market for interest rate
swaps has been amongst the major factors stimulating the expansion in the volume of trading in
Euro-doflar futures. The most immediate effect has been to bring about a lengthening of the
maturity of Eurc-dollar contracts, which since July 1987 have been traded at up to three years.

€ 1 chank Marl Wilkinson of Salomon Brothers for drawing my attention to this development.
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term and roll over the loan, paying a spread of | (L) over the benchmark
rate, and reverse the terms of borrowing through the swap.

In order for the swap opportunity to be attractive to the borrower with
higher credit standing, the after-swap floating rate financing must be less
than the cost of funding in the floating rate market, i.e.

LIBOR + [after-swap margin for high credit standing] = LIBOR + h
LIBOR + {T + H)—(T + S)] = LIBOR + h
H-h=S$ (1)

where T is the relevant Treasury bond rate, H and h are the spread over T
and LIBOR respectively for the high rated borrower, and S is the swap
spread.’? In other words, the tower boundary on the swap spread is given
by the difference in the spread over the benchmark indices for borrowers
of high credit standing in the fixed and floating rate markets. Typically, the
value of h will be very low and possibly negative. Similarly, the borrower of
lower credit standing will take up “synthetic” fixed rate funds if:

T + [after-swap spread for low credit standing] = T + L
T+ [(LIBOR + 1 +8)—(LIBOR)] =T + L

L-1=5S (2)
where L and | are the borrowing costs of the lower-rated credit in the
fixed and floating rate markets. Combining expressions (1) and (2), the
boundary conditions for the swap spread are given by the following
inequalities:

L-lzS=zH-h

The lower boundary on the swap spread is given by the difference in the
potential cost of funds for the borrower with the higher credit standing in

the fixed and floating rate markets, whereas the upper bound is set by

7 LIBOR carries a risk premium relative to the Treasury bill rate.
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the difference in the potential cost of funding for the borrower with the
lower credit standing.'8

Although the incentive to undertake swaps becomes greater the wider
the relative differential for the high and low-rated borrower in the fixed
and floating rate markets, swap activity has for the most part been
restricted to investment grade borrowers.'? As shown in Graph 2, and for
earlier periods by Evans and Parente (1987), swap spreads have almost
consistently remained within the 2030 basis point range defined by the
spread of AA and A-rated industrial bonds over US Treasury securities.2¢
fndeed, these boundaries roughly correspond to those within which the
commercial banks can borrow,

3. Determinants of swap spreads

3.1 Default premia and equilibrium swap “spreads”

The valuation of swap rates depends on the pricing of M and h. Unfortu-
nately, there are very few models of the credit risk on securities. One
possible pricing formula for default premia that does not rely directly on
the risk aversion of investors is the elaboration by Merton (1974, 1990) of
the correspondence between options and corporate securities. The
formula obtained for the risk premium obtained by Merton is derived
directly from a madification of the Black-Scholes formula for call options.

Suppose a company has assets V which have been financed by two types
of security. The first security is debt (a discount bond) which matures at
time t and has a face value of D. The second security is a share with a claim
to the residual value of the underlying assets after the bondholders have
been paid off. The contractual obligation implicit in the share can be
viewed as a call option on the assets of the company with an exercise price

¥ By borrowing in the short-term market and swapping into a fixed interest rate lfability, the
lower-rated borrower is accepting the risk that its credit premium may rise in the future in the
floating rate market. If the default risle premia were to rise the lower-rated borrower might be
worse off than if it had not undertaken the swap.

19 Lower-grade issuers are also able to raise synthetic funds through the swap market but they
must often provide some form of credit enhancement.

* In order to take account of the different borrowing costs in the fioating markets, the upper
and lower bounds of the arkitrage tunnef should be adjusted to include the spreads over LIBOR for
AA and A-rated borrowers. However, if anything, the bounds would tend to be wider since
Alc-rated borrowers tend to be able to obtain funds at LIBOR, if not at lower rates, in the
commercial paper marlet whilst A-rated borrowers must take up funds at above LIBOR rates.
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Graph 2
Ten-year interest rate swap spreads and spreads
on new issues of US domestic industrial bonds
Spreads over 10-year Treasury bonds, in basis points; monthly averages
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Sources: Salomon Brothers Bond Market Roundup (various issues) and Fulton Prebon.

D and a time to expiration t. Bondholders lay claim to their contractual
promised payment (the “exercise price”) or, in the event of default, to the
full value of the firm. The value of the risky discount debt (D) with a
promised payment D and period to maturity t is given by

DR (Vt,D) = VN(dy) + De=N(dy) (1)

log (De~t/V} — .50%

where d1 = dy = — dq — ot

and where N(.) is the cumulative normal distribution function, ¢ is the
volatility of the underlying assets and r is the riskless interest rate. N(d»}
can be interpreted as the probability (assuming risk neutrality) that the firm
will be solvent at rmaturity. Accordingly, the second term in this expression
is the discounted expected value of receiving the promised payment D.
The first term is the present value of receiving all the assets of the
company conditional on V being worth less than D. The yield to maturity
on this bond (Y) is the solution to the problem D® = De-Yt. The risk
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premiumn or spread H is the difference between the yield (Y) and the
riskless rate (r). From (1) the spread can be derived as

H = H(t,r6,De V) = — (1/t) log [N(dy} + (V/De)N{d)] (2)

The comparative statics for this expression of the credit risk structure
(see Merton, 1974) reveal that the risk premium H{.) increases with the
volatility of the company’s share price {6) and the measure of "leverage”
(De-/V) but declines with the level of the riskless interest rate {r). A
longer term to maturity, however, may imply an increasing or decreasing
spread depending on the value of other parameters. With a high level of
leverage the spread decreases with maturity; this refiects the “maturity
crisis” of a debt issuer that is extremely likely to default on its maturing
debt. In the more common situation where leverage ratios are much
lower the yield spread initially rises with maturity but then levels off.

There are three problems with extending this analysis to the pricing of
interest rate swaps. Firstly, the value of variable rate payments of the swap
cannot be easily modelled in this framework. If the reset and payment
dates occur in the future, the value of the riskless interest rate is
stochastic, whereas in this framework the riskless interest rate is given.
This is important because the measure of leverage in terms of the face
value of the security is uncertain. Moreover, the volatility as well as the
fevel of the riskless interest rate will affect the size of the default premium.
Secondly, swaps comprise a strip of payments like a coupon bond. Whilst
riskless coupon bonds can be valued as a portfolio of zero coupon
payments, the same cannot be done with risky bonds because the payment
of one coupon lowers the value of assets available for the payment of
future coupons. As a resuit, there is an interdependency between coupon
payments at successive dates.?! Finally, the option analogy cannot be fully
carried over to the bond market because the underlying risk of the assets
(o), which is taken as exogenous to the writer or purchaser of call options,
in the case of companies is not independent of the behaviour of share-
holders and managers.

The latter is particularly important for determining the relationship
between the maturity of the bond and the level of the expected default

2! The modification of the Merton medel suggested by Longstaff and Schwartz (1992) permits
an easy extension 1o coupon-paying securities.
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premium. If there are agency problems in monitoring managers and share-
holders the short-term roliover of credits should provide a mechanism for
a constant reassessment of their risk-taking behaviour by the market.
With longer-term bonds monitoring by bondholders becomes more diffi-
cult. This assumption tends to coincide with a priori reasoning: as the
length of maturity grows shorter a degree of uncertainty is resolved. It
also seems to coincide with casual evidence of ex-post defauit such as that
shown in Graph 3 overleaf.??

3.2 The yield curve and the default premiurn

Another aspect of the structure of default premia on swaps which is not
captured by the Merton model is the refationship with the level and term
structure of the risldess interest rate. The absolute level and the shape of
the term structure may affect the value taken by the default risk premium
by changing the perceived ability of borrowers to service their debt. As far
as the level is concerned, high interest rates raise the probability of default
and hence the default risk of both counterparties to the swap.?? However,
it is not clear what the effect would be on swap spreads. As shown in our
example, with parallel shifts in the yield curve (i.e. if both H and h rise by
the same amount) the swap spread would remain unchanged.

The slope of the yield curve might also affect the level of the swap
spread by aitering the market perception of the relative ability of fixed and
floating rate payers to service their debt. If the term structure of riskless
rates is upward-sloping, market expectations are that the party paying
fixed and receiving floating will pay out early in the term of the swap and
receive net payments in later periods. This means that ceteris paribus the
default risk of the fioating rate payer is higher than that of the fixed rate
payer if the term structure is upward-sloping. As a result, one would
expect the default premium, and hence the swap spread, to vary inversely
with the slope of the yield curve.

22 Fama (1986) presents evidence suggesting that the expeczed default premium tends to decline
with maturity for money market securities. As afready mentioned, ore possible explanation is that
short maturities may be riskier if the borrower faces difficulties in refinancing and meeting final
redemption payments during redemptions — a “crisis at maturity”. This view is consistent with
Fama’s finding that the expected default premia on longer-maturity securities are lower (and often
negative) during recessions than during good times. ft is mere difficult to reconcile the “erisis at
maturity” explanation with declining default premia during upswings in the business cycle,

23 This discussion assumes that nominal and real interest rates are equal.
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Graph 3
Levels of defauit for various categories of borrower*
In percentages
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" The percentage of borrowers defaulting on coupon or principal payments in the US bond market.
Source: Moedy's Financial Services.

3.3 Other determinants of swap “spreads”

Four other factors may interact with the expected default premium to
affect the tevel of the swap spread over time. Firstly, if interest rates are
subject to some form of reversion to a mean value, different fevels of the
mean to which securities tend to revert give rise to different values of
tong-term interest rates. In other words, since short-term risky rates
(LIBOR + short-term spread) exceed the riskless rate (Treasury bill), for a
constant default premium the term structure of private bonds need not lie
above that for riskiess securities by a constant amount. This result can
easily be shown in an equilibrium stochastic model of the term structure
such as that of Cox, Ingersoll and Ross {1985).
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Secondly, the structure of the swap market is different from that for US
Treasury securities, Pricing is less tight and quotes may be less indicative of
the level at which transactions actually take place. The absence of depth
and liquidity, particularly at specific periods, also means that pressures
arising from changes in expectations in respect of the term structure may
have a different impact on the Treasury securities markets than on that for
long-dated swaps. As described in the next section, this means that the
swap spreads will vary over time according tc macroeconomic develop-
ments.

Thirdly, regulatory and tax factors may generate arbitrage opportuni-
ties which can be exploited through swaps and be capitalised into the
spread. Finally, the spread on interest rate swaps may be driven by
differential information or expectations, or by hedging needs.2> These
asymmetries give rise to temporary supply and dernand imbalances which
would tend to be less systematic than other factors.

4. Characteristics of swap prices

4.1 The data

The sample of swap spreads used in this study consists of daily bid and offer
prices of fixed/floating US dollar interest rate swaps for maturities of two,
five, seven and ten years over the period July 1987 to July 1992, The data
were posted by the money broker Fulton-Prebon at 11 a.m. standard
eastern time and reported by Data Resources. The spreads are quoted on
the basis of three-month LIBOR flat versus the Treasury security with a
maturity equal to that of the swap.

The data exclude holidays and no interpolations were made for week-
ends. The two-year maturity was chosen as representative of short-term
swap activity. At the longer end, the five, seven and ten-year maturities
were chosen because ISDA data and other market information suggested
that these were the representative contracts with most active trading.

4 See, for example, Das (1989), pp. 255-256.
5 The empirical evidence for the existence of segmentation between the markets for govern-
ment bonds and cther securities is mixed. While there is some empirical evidence of segmentation

for municipal bonds there s less evidence for corporate securities (see jaffee (1975) and Cook and
Hendershott {1978)).
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Table 2
Characteristics of mid-rates of daily swap spreads*
July 1987~July 1992

Item Maturity of swap
2 years 5 years 7 years 10 years

Average spread . .. . . .. 54.8 678 69.2 72.0
Standard deviation . . . .. 18.2 17.1 16.7 17.2
Minimum .. ... ..., 15.0 23.5 28.5 30.5
Maximum . ... . ..., 120.0 117.0 113.0 118.0
Significantly > mean . . . . 34 12 1 9
Significantly < mean . . . . 24 76 70 73
Skewness ... .. ... .. ¢.00 —0.46 -0.28 —-0.39
Kurtosis .. ......... 0.23 —0.01 -0.41 —0.53
Autocorrelation

atlag1 .. ... ... .., 0.988 0.9%¢ 0.997 0.997

atlag2 ... .. ... 0.978 0.994 0.9%4 0.995
Cross-correlations

2-year . ... ...

Soyear . ... L. 0.803

T-year . ... ... ... .. 0.794 0.992

10-year . .. .. ... ... 0.742 0.97¢ 0.983
Memorandum:

Number of observations 1,259

* Statistics based on daily swap rates expressed in basis points. Significantly > mean or < mean
= number of observations different from mean by two standard errors. Sikewness is measured as
the third moment around the mean divided by the variance to the power of 3/2: positive
(negative) values indicate skewness to the right {left). Kurtosis is defined as the fourth around the
mean divided by the vartance squared minus three.

Sources: Fuiton Prebon and own calculations.

ISDA data for the second half of 1991 indicate that 33, 13, 4 and 4% of
new US dollar interest rate swaps with a maturity exceeding one year
were at these maturities.

Like all over-the-counter markets, the interest rate swap spreads
quoted by a single dealer may not be representative of market prices. In
order to examine this potential bias two and ten-year swap spreads quoted
by Fulton-Prebon for end-week were compared with end-week spreads
published by Salomon Inc. According to a two-tailed F-test the samples
were not significantly different, with the maximum difference between
the two series being about 10 basis points.
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Graph 4
Interest rate swap spreads over US Treasuries
Spreads over Treasury bonds of equivalent maturity, in basis points; monthly averages
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4.2 The evolution of swap spreads since mid-1987

Table 2 provides summary statistics of the average of bid and offer rates
for swap spreads over Treasury securities of different maturities for the
period between July 1987 and July 1992, or a total of 1,259 trading days.
During this period the average spreads varied from 55 basis points for
two-year swaps to 72 basis points for ten-year swaps. Under a two-tailed
t-test at a 1% confidence interval the two-year swap spread was lower
than the spreads for all the longer-term swaps. However, the short-term
spreads have at times been above longer-term spreads and the levels of the
spreads also appear to depend on the sample period considered.?¢ As
shown in Graph 4, the periods for which the two-year swap spread was
higher than jonger-term spreads occurred at the time of the stock market

26 Evidence for earlier years is presented in Evans and Parente (1987). See also Graph 1 above
{or periods since 1987 in which short-term swap spreads exceeded longer-term spreads and Section
S below for possible explanatory variables.
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crisis (October 1987), a period of high volatility in financial markets, and in
the period of inverted yield curves during the first half of 1989 and briefly
in mid-1991.

There appears to be a positive correlation between the size of the swap
spread and maturity, but there is no statistically significant difference
amongst spreads for maturities of five or more years. The higher correla-
tion between spreads on longer-term swaps may be due to the fact thatin
terms of present value the additional year of risk for assets with longer-
term maturity is discounted more heavily at 2 fonger maturity than at the
shorter end. This means that the change in spread between a two and a
three-year swap should exceed that between a three and a four-year
swap. Moreover, differences in credit risk may be more easily perceptible
between securities with two and five-year maturities than between those
with maturities of five and ten years.

There are several other significant differences between the two-year
and longer-term swap spreads. Firstly, as shown in Table 2 and Graph 4, the
variability of the swap spread for two years is greater than that for longer
maturities. In particular, the range of values over which the two-year swap
spread has varied encompasses that of longer-term swaps. The volatiity of
the spread in the two-year swap market reflects the volatility of interest
rates in the money markets. As already mentioned in the previous section,
speculative and arbitrage activity characterise this segment of the market
with a considerable amount of three-way arbitrage between the relevant
Treasury note market, Euro-dollar futures and swaps.

Secondly, the distribution of swap spreads around the mean for two-
year and longer-term swaps differs markedly. The distribution of longer-
term swaps appears slkewed to the left, with a high percentage of observa-
tions falling outside the range of two standard deviations. In addition, the
measure of excess kurtosis shows that two-year swaps appear to be
characterised by “fat tails", whereas longer-term swaps have a flat distri-
bution,

Finally, the difference between the two-year and longer-term spreads is
also clearly reflected in the value of the cross-correlations between the
various spreads. The cross-correlation between the twe-year and other
swap spreads never exceeds 0.8, whereas all other cross-correlations are
well over 0.95.

As shown in Graph 5, the swap spread has varied significantly over time
and the level appears to be correlated with the slope of the yield curve.
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Comparison of interest rate swap spreads and
the slope of the yield curve
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Table 3
Swap spreads and the Treasury bond yield curve
July 1987 —)uly 1992, in basis points

Maturity of swap spread Humped yield curve? Monotene yield curve
(N=191} (N =1068)

2yearst ... .. ..., 65.1 53.0

5years® . ... ... .. 70.9 67.3

Tyears2 .. ... ..., 71.3 68.8

10 years? . . .. ... .. 75.2 71.4

! Dates on which the semi-annual yield of ten-year Treasury bonds was below that of the
equivalent two-year Treasury bond. % Swap spreads for humped and monotene yield curve
significantly different at 95% level under two-tailed t-test.

Sources: Fulton Prebon and own calculations.

These impressions are confirmed in Table 3, which shows the average swap
spread for periods in which the slope of the yield curve was negative
(“humped yield curve") and upward-sloping (‘monotone yield curve”). In
periods during which the slope of the yield curve was positive, spreads
were on average considerably higher than during periods in which the yield
curve sloped downwards.?7 This finding suggests a negative correlation
between the term and defauit premia.

Table 4 presents a further analysis of the time series properties of the
interest rate swaps in terms of daily-compounded returns which have been
calculated as the first difference of the fogarithm of daily observations.
The returns change very markedly, occasionally varying by more than 30%
on a single day; however, on balance they are not significantly different
from zero. The daily percentage change in two-year swaps exhibits the
greatest variability in terms both of the standard deviation and of the range
of values observed, but only 6% of observations were beyond two stan-
dard errors. All the spreads exhibited a significant degree of autocorrela-
tion, 2 although of different order and, in the case of two-year swaps, of

¥ Under a two-tailed t-test the difference between spreads for periods in which the yield curves
were "monotone” and “humped” was statistically significanz.

8 The test employed checked significance against twice the standard error. The szandard error
of the autecorrelation coefficient of order j, 1y, was measured according to Bartlert's test:

1T+2%r?
SE:( z-"l

173
; ) where T is the number of observations.

1T
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Table 4
Characteristics of daily percentage changes of
mid-rates of swap spreads*
July 1987—July 1992

ftem Maturity of swap
2 years 5 years 7 years 10 years

Average daily change . . . . 0.067 — 0.063 — 0.061 — 0.060
Standard deviation . . . . . 5.742 2172 1.932 1.846
Minimum . . .. ... ... —~30.612 —-10.680 —12.644 —12.360
Maximum . ... ... ... 32.692 19.444 16.191 19.266
Significantly > 0 . ... .. 44 31 33 28
Significantly < 0 . . .. .. 32 30 31 306
Skewness ... ....... 0.336 0.993 0.669 1.626
Kurtosis . ... ....... 4,155 11.558 10.495 21.243
Autocorrelation

atfag® ... ... .. ... — 0.585 0.030 0.015 G.021

atfag2 ... ... .. ... — 0.035 0.116 0.121 0.119

atfag3 ... — 0.048 0.017 0.067 0.031
Cross-correlations

Qyear oL L. - — - -

S-year . . ... ... ..., 0.277 - - -

Tyear ..., (0.202 0.616 - -

10-year . ... .. ... .. 0.221 0.542 0.618 -
Memorandum:

Number of observations 1,259

* Statistics based on change in the logarithm of daily swap rates. Average rezurns and standard
deviations are expressed in percentage terms per day. Significantly > 0 or < 0 = number of
observations different from zero by two standard errors. Skewness is measured as the third
moment around the mean divided by the variance to the power of 3/2: positive (negative) values
indicate skewness to the right (feft}. Kurtosis is defined as the fourth moment around the mean
divided by the variance squared minus three.

Sources: Fuiton Prebon and own calculations,

differing sign. As in the case of the absclute swap spreads, the cross-corre-
lation between two-year and longer-term swap spreads was significantly
tower than that across longer-term swaps.

The kurtosis measure shows a positive degree of leptokurtosis, meaning
that too many observations occur around the mean and the tails compared
with what would be expected for a normal distribution. The process
generating the average swap spreads is characterised by relatively large
deviations from the normal distribution in ways reminiscent of other
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Table 5
Summary statistics of bid-ask margins on US dollar
interest rate swaps
July 1987 —July 1992; in basis points

Maturity of swap Average margin  Standard deviation Range”®
2years ... ... ... 4.9 1.8 23.0
Syears ... ... ... 4.6 1.4 16.0
Tyears ... ... ... 4.8 1.5 19.0
T0years .. ...... 4.9 1.5 13.0

* Maximum-minimum bid-ask rate of swap spread against US Treasury securities of similar
maturity.

Sources: Fulton Prebon and own calculations.

financial markets (see Fama, 1975). Finally, tests which are not reported in
detail were carried out for potential weekend or day-of-week effects, but
no evidence was found of systematic excess returns for changes in swap
rates from one day to the next.

The difference between bid and offer rates on swap spreads exhibited a
considerable degree of stability (see Table 5). The average spread between
bid and offer rates varied from 4.6 basis points for five-year swaps to 4.9
basis points for two and ten-year swaps. The higher bid-offer spread on
two-year swaps can be attributed to the greater volatility of two-year
swaps which has already been discussed. Nevertheless, even in the case of
the two-year swap, with the exception of the stock market break of 1987,
the difference between the bid and offer rate remained within the bounds
of one standard deviation from the mean of the bid and offer spread.

5. Estimating the determinants of swap spreads

5.1 Independent variables

The discussions in previous sections suggested several variables which
might affect the determination of swap spreads: leverage, volatility of the
asset values, the level of interest rates and the shape of the yield curve. it
was also noted that long-term swaps could be interpreted as synthetic
securities approximating the credit rating between AA and A bonds.
Finally, casual observation of the data in the preceding section suggested
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that swap rates have indeed often evolved in tandem with other financial
variables.

This section examines the short and longer-term sensitivity of swap
spreads against several basic explanatory variables without imposing any
restrictions on the structure of estimated equations, except those
suggested by the data series themselves. The econometric analysis was
carried out on the weekly series of swap rates compiled from daity obser-
vations in order to efiminate the non-normality of the series.

The basic explanatory interest rate variables utilised in the regressions
were the Treasury bond rate corresponding to the maturity of the swap,
LIBOR, the "TED spread” and a measure of the slope of the yield curve
(SLOPE). The TED spread — measuring the difference between the
interest rate on Treasury bills and LIBOR — was used as a measure of the
riskiness of LIBOR-based financing relative to the riskless government
equivalent rate. Variations in the TED spread indicate changes in the
perceived short-term credit rating of banks and this may be reflected
indirectly in the level of the swap spread. As mentioned earlier, the rela-
tionship between the term structure of interest rates on government
securities and swap spreads is complex since both the expected term and
default premia are related to the business cycle. On the one hand,
expected default premia should be higher during recessions, at times of
sharp increases in interest rates or financial instability. On the other hand,
term premia tend to increase with maturity when business activity is
strong, whereas humps in the term structure of interest rates are
common during recessions. The regression results presented below,
where the slope of the yield curve is measured as the differential between
interest rates on ten-year and two-year US government bonds, attempt to
identify which of these hypotheses plays a stronger role in the determina-
tion of swap spreads.

The Standard and Poor 500 index (SP500) was included in the regression
equations as a proxy for the creditworthiness of the corporate sector,
Volatility (VOLA) of the stock market index was likewise included to
proxy for greater counterparty risk. Higher volatility may alsc be consid-
ered to be associated with a greater dispersion of information amongst
market participants.?? VOLA was measured as the rolling standard devia-
tion of the daily change in the logarithm of the SP500 index.

29 See Arak et al. {1988},
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5.2 Co-integrating restrictions and multivariate estimations

Testing for stationary series. The time series properties of the variables
were examined in order to establish whether it was possible to identify a
unit root in the individual variables. As shown in Table 6, for the levels of
the series according to the Dickey-Fuller (DF) and augmented Dickey-
Fuller (ADF) tests® the null hypothesis of non-stationarity couid not be

Table 6
Time series properties of the variables

Variable DF ADF DF ADF
levels first differences

SZ2M L. —~2.236 —1.685 —16.557* —6.017%"
SEM L L -1.018 -0.798 —~15.059"~ —5.698""
S7TM ... L. —1.040 --0.988 ~14.115~~ -5.880""
S1OM L. -0.915 —0.794 —15.902*" 5,287
TR2 ... ... 0.216 0.195 —14.935% —4.719"*
TR ... ... -0.716 —0.552 —15.546*" —4. 6417
TR7 .. .. .. —-1.101 -0.734 ~16.480** —4.548**
TR1G . .. .. —1.644 —1.007 -16.490"* —4,616**
LIBOR .. .. 0.352 0.627 —17.379"* —4.646%*
TBILL . . . .. 0.524 0.346 —16.859"" —3.680"

SP5G0O .. .. —(.456"" —-1.126 —17.015=~ —6.0217*
VOLAS . .. ~5.491*~ -5.805** —11.208"* ~7.929%~
SLOPE .. .. 0.100 0.539 —18.463"" -5.218**

Note: The Dickey-Fuller {DF) test is based on the following regression:
dx( = HolHixl—i + Et

The augmented {Jo + Dickey-Fuller (ADF) test is based on the following regression:
8
dxe = [lo + e + Z 115 40d% + B
=1

where d is the first-difference operator and E, is a stationary random error. The null hypothesis
is that x. is a non-stationary series and it is rejected when []4 is significantly negative.

$2M, 85M, $7Mand 510M are the average of the bid and offer swap spread over the US Treasury
securitics of equivalent maturity, where the number refers to the maturity of the swap in years.
Similarly, TR2, TR5, TRY and TR10 refer to the interest rates on US Treasury bonds. LIBOR and
TBILL are the London Interbank Offered Rate and the Treasury bill rate respectively. SP500 is the
Standard and Poor 500 index of share prices. VOLA refers to the 20-day standard deviation of
daily changes in the SP300 index. SLOPE equals TR10 minus TR2.

** Significant at the 1% level, ¥ Significant at the 5% level.

5 Some indication that stationarity could only be achieved by imposing a linear trend.

¢ See Engle and Granger (1987).
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rejected for most of the variables listed. The only variable appearing to
display a linear trend (I{o) + linear trend) is VOLA, the standard deviation
of the S&P 500 index. After first differencing, the null hypothesis of
non-stationarity was rejected for all series.

Multivariate equations: long-run relationships. As shown in the top two
sets of equations of Table 7 overleaf, a parsimonious representation of the
long-run relationship between swap spreads and a small number of
variables could only be achieved for two-year swaps. In the case of
longer-term swaps, as can be seen from the bottom set of equations, a
co-integrating long-term linear relationship was found with five explana-
tory variables — the SP500 index, its volatility, the Treasury bill rate, the
Treasury bond rate corresponding to the maturity of the swap, and the
slope of the yield curve.?' Only in these cases was it not possible to reject
the hypothesis of non-co-integration at the 5% confidence level according
to the DF and ADF tests (as extended by Engle and Yoo (1987) and Phillips
and Ouliaris (1990)). In particular, other variables such as LIBOR and the
“TED spread” did not appear to have any explanatory power in the
long-term levet of swap rates.

While the coefficients of the various independent variables differed
across individual equations, their sign was consistently the same. As
expected, the SP500 index, which is used as a proxy for the “leverage
ratio” of marlet participants, has a negative value, indicating that the
riskiness of swaps declines as the perceived creditworthiness of market
participants increases. The volatility of this stock market index, which is
taken as a proxy for the riskiness of financial markets, is positively corre-
lated with the level of the spread. The negative coefficient on the slope of
the vyield curve has various interpretations. ft may indicate that swap
spreads tend to decline during boom periods, which themseives coincide
with upward-sioping yield curves. It may also suggest that the riskiness of
the fixed rate payer relative to the floating rate payer becomes lower
because the upward-sloping yield curve reflects expectations of future
increases in interest rates.

The coefficients on the Treasury bill rate as well as the reference
Treasury bond yield corresponding to the maturity of the swap are more
difficult to interpret. For longer-term swaps, higher interest rates appear

¥ |ndividual variables were added one by one and in different sequential order.
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to reduce swap rates. In the case of short-term swaps only the effects of
the Treasury bill rate enter the co-integrating equation.

Multivariate equations: error correction. The residuals from the esti-
mated co-integrating equations were used to obtain a short-run dynamic
refationship for changes in the swap spread (Table 8).3? The error
correction term significantly affects changes in the swap spreads for all
maturities. The dynamics of most swap spreads also appear to be affected
by short-term changes in LIBOR - a variable not appearing in the cointe-
grating relationships — but the sign and magnitude of the impact varied
across the maturity of the swaps.

6. Conclusions

This study has examined the determinants of the valuation of interest rate
swaps in the US dollar market. It has shown how the pricing of swaps is
closely connected by arbitrage relationships at short maturities to the
market for Euro-dollar futures and at longer maturities to US domestic
induserial bonds with AA ratings. There is evidence that short-term swap
spreads are mare variable than those of longer-term swaps.?

These findings confirm that the pricing for standard swaps is connected
to conditions in markets for closely substitutable instruments. Further-
more, because of these arbitrage refationships with private sector markets
swap spreads can be interpreted as default premia over Treasury securities
of equivalent maturity. The econometric modelling of swap rates
suggested that spreads tend to increase with maturity but the term struc-
ture of spreads varies with that of yields on government bonds. When the
term structure of interest rates is humped the differential between swap
spreads of differing maturity tends to narrow.

In the long run swap spreads are related to the yield curve, the fevel of
long and short-term interest rates, the business cycle (leverage) as
measured by the SP500 index and the perceived riskiness of the private

¥ A Chow test for parameter stability revealed that there was no major structural change in the
structure of the short-term adjustment mechanism.

3 This paper has not examined a number of factors which might affect the pricing of individual
swaps between a dealer and a final user on the premise that such factors do not explain inter-dealer
spreads. Such factors include the comparative advantage of raising funds in different markerts or
differentials in quality assessments of individual borrowers in separate markets. For example,
“established” and “lesser known" firms raisc funds at different rates.
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sector. However, the effect of changes in these variables on swap spreads
varies markedly according to the original maturity of swaps.

The relationships uncovered by these estimations are a further iflustra-
tion of the interconnectedness of various financial instruments and of the
sensitivity of the pricing of swaps to the underlying credit standing of
rmarket participants. In many respects these findings are not surprising but
they help to explain why swaps have come to play such a central role in
present day rislk management.

39



References

Ableen, P {1991}, “Beyond plain vanilla: 2 taxonomy of swaps.™ Economic Review, Federal
Reserve Banl of Atlanta, 76(2), p. 12-29,

Arak, M., A. Estrella, L. Goodman, and A. Silver (1988). “Interest rate swaps: an alterna-
tive explanation.” Financial Management, Tampa, 17, p. 12—-18.

Bank for International Settlements (1986}, Recent innovations in international banking.
Basle.

Bank for International Setdements {1987). “Proposals for international convergence of
capital measurement and capital standards — consultative paper”, Committee on  Banking
Regulations and Supervisory Practices, Basle,

Bani for International Settlements {199%a). Annual Report. Basle.

Banic for International Settlements (1992b). Recent developments in international inter-
bank relations. Basle.

Beidleman, C.R. (ed.) (1991). /nterest rate swaps. Homewood, lil.: Business One lrwin,

Biclesler, J. and A.H. Chen (1986). An economic analysis of interest rate swaps. fournal of
Finance, New York, 41(3), p. 64555,

Cook, T.Q. and PH. Hendershott (1978). “The impact of taxes, risk and relative security
supplies on interest rate differentials.” Journal of Finance, New York, 33(4), p. 1173—86.

Cooper, | and A. Mello (1991). "The defauit risk of swaps.” The Journal of Finance, New
York, 46(2), p. 597-620.

Cornell, B, (1986}, “Pricing, interest rate swaps: theory and empirical evidence." mimeo.

Cornell, B. and M.C. Reinganum (1981). "Forward and futures prices: evidence from the
foreign exchange markets.” Journal of Finance, New York, 36(5), p. 1035--45.

Cornell, 8. and A, C. Shapiro (1989). “The mispricing of US Treasury bonds: a case study.™
The Review of Financial Studies, Fair Lawn, N1, 2, p. 297-310.

Cox, }., ). Ingersoll, and S. Ross (1980). “An analysis of variable rate loan contracts.”
Journal of Finance, New York, 35(2}, p. 389403,

Cox, ]., }. Ingersoll, and S. Ross (1981). “The relation between forward prices and futures
prices.” fournal of Financial Economics, Rochester, N.Y., 9(4), p. 32146,

Cox. |.. ] Ingerscll, and $. Ross {1985). “A theory of the term structure of interest rates,”
Econometrica, Cambridge, Mass., 53(2), p. 385-407.

Das, 5. (1989). Swap financing. London: IFR.

Duffie, D. (1989). Futures Markets. Englewocod Cliffs: Prentice-Hall.

Engle, R.F. and C.W.]. Granger (1987). “Cointegraticn and error correction: representa-
tion, estimation and testing.” Econometrica, Cambridge, Mass., 55(2), p. 251-76.

Engle, R.F. and B.S. Yoo {1987). “Forecasting and testing in co-integrated systems. ™ fournal
of Econometrics, Stanford, Cal., 35(1}, p. 143—59.

Evans, £. and G. Parente Bales (1991). What drives interesr rare swaps, in Beidleman
(1991).

Fama, E. {1976). Foundations of finance: porticlic decisions and securities prices. New
Yerk: Basic Books.

40



Fama, E. (1986). “Term premiums and defauit premiums in money markets.” fournal of
Financial Economics, Rochester, N.Y., 17(1}, p .175-196.

Giddy, . (1986). "The pricing of swaps”. mimeo.

Grabbe, J.O. (1986). Internacional financial markets. New York: Elsevier.

Hendry, O. (1986). "Econometric modeliing with co-integrared variables: an overview.”
Oxford Bulletin of Economics and Statistics, Oxford, 48(3), p. 201-212.

Homer, S. and M. L. Leibowitz (1972). inside the yield book: new tools for bond market
strategy. Englewood Cliffs: Prentice-Hall and New York: New Yorl institute of Finance.

Hull, §. (1989a). Options, futures and other derivative securities, Englewoed Cliffs: Pren-
tice-Hall.

Hull, ). {1989b). “Assessing credit risk in a financial institution’s off-balance-sheet commit-
ments.” fournal of Financial and Quantitative Analysis, Seattle, 24(4). p. 489-501.

Jaffee, &.W. {1975). " Cyclical variations in the risk structure of interest rates.” fournal of
Monetary Economics, Rochester, NLY., 1(3), p. 309-25.

Kawaller, 1.G. (1989). “interest rate swaps versus Eurodollar strips.” Financial Analysts
Journal, New Yorlk, 45(5), p. 55~61.

Kopprasch, R. et al. (1985). The interest rate swap market; yield mathematics, termi-
nology and conventions. New York: Salomen Brothers.

Litzenberger, R.H. {19%2). “Swaps: plain and fanciful.” fournal of Finance, New York,
47(3), p. 831-50.

Longstaff, F. and E. Schwartz (1992). “Valuing risiy debt: a new approach.” Mimeo.

Merton, R.C. {1974). “On the pricing of corporate debt.” Journal of Finance, New York,
29(2), p. 449-70.

Merton, R.C. {1990). Continuous-time finance. Oxford: Blackwell.

Muffett, M. (1987). “Credit risk on swaps." Aussenwirtschaft, Zirich, 42(2/3), p.
229-50.

Ramaswamy, K. and §.M. Sundaresan (1986). " The valuation of floating-rate instruments:
theory and evidence.” Journal of Financial Economics, Rochester, NUY., 17(2), p. 251272,

Smith, C., C. Smithson and L. Waleman (1985). “The evoiving marlet for swaps.” in The
Revolution in Corporate Finance, edited by |.M. Stern and D.H. Chew. Oxford: Blaclewell.

Smith, C., C. Smithson and D. Wilford {1990}. Managing financial risk, New York: Harper
and Row.

Sundaresan, S. (1989). “Valuation of swaps™. Working paper CSFM 183, Columbia Busi-
ness School, Center for the Study of Futures Markets. April.

Turnbull, S.M. (1987). “Swaps: a zero sum game!” Ffinancial Management, Tampa, 15,
pp.15-21.

Wall, L. (1989). “Interest rate swaps in an agency theoretic modet with uncertain interest
rates.” fournal of Banking and Finance, Amsterdam, 13(2), p. 261-70.

wall, L.D. and |.]. Pringle (1989). “Alternative explanations of interest rate swaps: a
theoretical and empirical analysis.” Financial Managemene, Tampa, 18, p. 59-73,

41






No.

No.

No.

No.

1

L3

. B*

.10

BIS ECONOMIC PAPERS

Credit and liquidity creation in the international banking sector,
by Helmut Mayer, November 1979,

US monetary aggregates, income velocity and the Euro-
dollar market, by Warren D. McClam, April 1980.

“Rules versus discretion™ an essay on monetary policy in an
inflationary environment, by Alexandre Lamfalussy, April 1981.

Theories of the growth of the Euro-currency market: a review
of the Euro-currency deposit multiplier, by R.B. johnston,
May 1981.

The theory and practice of floating exchange rates and the rdle
of official exchange-market intervention, by Melmut Mayer,
February 1982,

Official intervention in the exchange markets: stabifising or
destabilising?, by Helmut Mayer and Hiroo Taguchi, March 1983.

Monetary aggregates and economic activity: evidence from five
industrial countries, by Geoffrey E.J. Dennis, June 1983.

The international interbank market: a descriptive study,

July 1983.

Financial innovations and their implications for monetary policy:
an international perspective, by M.A. Akhtar, December 1983.

Adjustment performance of open economies: some inter-
national comparisons, by W.D. McClam and P.S. Andersen,
December 1983.

* Also availabie in French

43



No.

No.

11

12

.13

.14

.15

16

A7

. 18

19

.20

2

.22
.23

.24

.25

.26

Inflation, recession and recovery: a nominal income analysis
of the process of global disinflation, by J.A. Bispham,
February 1984.

Interest rate futures: an innovation in financial techniques for the
management of risk, by A.B. Frankel, September 1984.

fnternational interest rate relationships: policy choices and
constraints, by J. T Kneeshaw and P Van den Bergh, January 1985.

The stability of money demand functions: an alternative
approach, by Palle S. Andersen, April 1985,

Interaction between the Euro-currency markets and the
exchange markets, by Helmut W Mayer, May 1985,

Private ECUs potential macro-economic policy dimensions, by
Helmut W, Mayer, April 1986.

Portfolio behaviour of the non-financial private sectors in the
major economies, by E.P Davis, September 1986.

The evolution of reserve currency diversification, by Akinari
Horii, December 1986,

Financial market supervision: some conceptual issues, by Jeffrey
C. Marquardt, May 1987.

Rising sectoral debt/income ratios: a cause for concern?, by
E.P Davis, June 1987.

Financial market activity of life insurance companies and pension
funds, by E.P Davis, January 1988.

Reserves and international liquidity, June 1988.

Changes in central bank money market operating procedures in
the 1980s, by |. T Kneeshaw and P Van den Bergh, January 1989.

inflation and output: a review of the wage-price mechanism, by
Palle S. Andersen, January 1989.

The US external deficit and associated shifts in inter-
national portfolios, by Michael Dealtry and Jozef Van 't dack,
September 1989.

Japan's experience of financial deregulation since 1984 in an
international perspective, by K. Osugi, January 1990.

44



.27

.28

.29

.30

.31

.32

.33

.34

Leverage and financing of non-financial companies: an inter-
national perspective, by C.E.V. Borio, May 19%0.

Banks’ involvement in highly leveraged transactions, by
C.E.V. Borio, October 1990.

Developments in external and internal balances: a selective and
eclectic review, by PS. Andersen, October 1990,

Capital flows in the 1980s: a survey of major trends, by Philip
Turner, Aprii 1991.

Aggregate demand, uncertainty and oil prices: the 1990 oil

shock in comparative perspective, by Michael M. Hutchison,
August 1991,

The development of the international bond market, by Richard
Benzie, January 1992.

Budget pelicy and the decline of national saving revisited, by
Michaet M. Hutchison, March 1992,

The liberalisation of Japan’s financial markets: some major
themes, by Masahiko Takeda and Philip Turner, November 1992,

45






