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1 Introduction and history

Interest rate swaps are important derivative contracts. According to the 2009 ISDA Deriva-
tives Usage Survey, 83% of the world’s 500 largest companies use interest rate derivatives for
risk management.1 An interest rate swap is an agreement to exchange streams of interest
payments between two counterparties during the tenor (maturity) of the swap. We refer to
the streams of payments as legs. Both legs of a swap typically have the same first and last
dates when interest begins and ends accruing. These dates are referred to as the swap’s Ef-
fective Date and Maturity Date, respectively. The interest payments on both legs are based
on the same hypothetical principal, which is referred to as the notional of the swap.

Depending on the (fixed or floating) nature of payment streams, interest rate swaps are
categorized as either coupon swaps or basis swaps. A coupon swap, also known as a fixed-
floating swap, refers to a swap in which one counterparty—called “fixed payer” or “floating
receiver”—agrees to pay a fixed rate of interest in exchange for receiving a floating rate of
interest and the other counterparty—called “floating payer” or “fixed receiver”—agrees to pay
floating and receive fixed. In contrast, in a basis swap both counterparties receive floating
rates of interest. Therefore, a fixed-floating swap’s cash flows consist of a fixed leg and a
floating leg, whereas a basis swap has both floating legs. For swaps with streams of payments
in different currencies, we refer to them as cross-currency swaps.

Figure 1: Size of the Interest Rate Swap Market
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Note: The figure shows the size (notional) of the interest rate swap market in trillion dollars between 1998
and 2020. The blue bar depicts the notional value of swaps denominated in the same currency. The red bar
depicts the notional for cross-currency waps. For comparison, the gold bar depicts the notional for interest
rate options and forward rate agreements (FRA).
Source: Bank for International Settlements.

The first cross-currency swap was executed between the World Bank and IBM in 1981.
1The survey is available from the following website: https://www.isda.org/2009/04/22/

derivative-usage-survey/.
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Since then, the interest rate swap market has grown rapidly. Figure 1 plots the outstanding
notional of interest rate swaps between 1998 and 2020. The total outstanding notional for
interest rate swaps (coupon, basis, or cross-currency swaps combined) exceeded $100 trillion
in 2003 for the first time and then reached almost $500 trillion in 2008. Interest rate swaps
account for the vast majority (around 80%) of the market. According to the BIS’s “Triennial
Central Bank Survey”, the average daily turnover of interest rate swaps increased from $63
billion in 1995 to above $4 trillion in 2019. The share of USD-denominated interest rate
swaps steadily increased from 27% in 1995 to 45% in 2019. At the same time, the dealer
share of trading volume decreased substantially from 66% in 1995 to 22% in 2019.

Interest rate swaps are typically traded bilaterally over the counter (OTC). In the OTC
swap market, trades are negotiated directly between counterparties and not through an
exchange. In the early days of the market, the interest rate swaps were custom-tailored. If
an intermediary had a customer for one side of a swap but could not find another customer
to take the other side, the intermediary would need to warehouse the swap to get the deal
done. To make warehousing practical and less risky to intermediaries, standardization of
swap terms emerged as a solution to make the swaps market more liquid. As a product of
standardization, plain vanilla interest rate swaps have become the most widely used among
all interest rate swaps in the market. The benchmark floating rate for plain vanilla swaps is
the 3-month London interbank offered rate (LIBOR).

However, the integrity of LIBOR was called into question during the 2008-09 financial
crisis. There is mounting evidence that a number of LIBOR panel banks deliberately under-
reported their costs of borrowing throughout the finance crisis.2 The United Kingdom’s
Financial Conduct Authority(FCA) and ICE Benchmark Administration (IBA) announced
definitive end dates for LIBOR; for example, no USD LIBOR tenors will be available after
June 30, 2023. The Federal Reserve and other regulators also published guidance that
supervised institutions should stop produce new LIBOR contracts by the end of 2021. The
Secured Overnight Financing Rate (SOFR) is likely the new benchmark rate replacing USD
LIBOR.

The last decade has seen other new developments in the market. The 2008-09 financial
crisis exposed significant weaknesses in the OTC derivatives markets such as heightened risks
and opaqueness in counterparty exposures. In response, the G20 Leaders agreed in 2009 to
reforms in the OTC derivatives markets. The reforms require trading of standardized OTC
derivatives on exchanges or electronic trading platforms, central clearing through central
counterparties, reporting of all transactions to trade repositories, and higher capital and

2See, e.g., a WSJ article on May 29, 2008, titled “Study Casts Doubt on Key Rate: WSJ Analysis Suggests
Banks May Have Reported Flawed Interest Data for Libor.”
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margin requirements for non-centrally cleared transactions.

2 Types of Interest Rate Swaps

There are three types of interest rate swaps: coupon or fixed-floating swaps, basis swaps,
and cross-currency swaps. The streams of payments are denominated in the same currency
in coupon or basis swaps, but in different currencies in cross-currency swaps. In this section,
we provide more details about each type.

2.1 Coupon or Fixed-Floating Swaps

To be concrete, we focus on two most popular types of fixed-floating swaps: plain vanilla
swaps and Overnight Index Swaps (OIS). In the USD swap market, the floating leg in an
OIS is tied to the Federal Funds effective rate, whereas the floating leg in a plain vanilla
swap is tied to a longer-term USD LIBOR rate (e.g., 3-month).3

2.1.1 Plain Vanilla Swaps

The point of reference in a plain vanilla swap is the fixed rate: if one is receiving (respectively,
paying) the fixed rate, one is said to be receiving in a swap, or simply receiving (respectively,
paying in a swap, or simply paying). We can think of receiving in a swap as a long position in
a bond since one is receiving coupon payments and paying periodic financing at the floating
rate. Similarly, paying in a swap can be thought of as a short position in a bond.

The structure of a plain vanilla swap is shown in Figure 2. Under standard market
conventions, one counterparty (“Fixed Rate Receiver”) pays a floating rate (e.g., 3-month
LIBOR), typically quarterly on an Act/360 basis, and the other counterparty (“Fixed Rate
Payer”) pays a fixed rate, typically semiannually on a 30/360 basis. The fixed rate is known
as the swap rate and set when the swap is first executed such that its net present value is
zero to either counterparty.

Both counterparties have an International Swaps and Derivatives Association (ISDA)
Master Agreement, which provides standardized documentation for most swaps nowadays.
A spot starting interest rate swap in USD has an effective date, which is two New York and
London business days after the trade date (i.e., “T +2”). The effective date is the date from

3The Federal Funds effective rate is the rate that banks lend to one another overnight in the Federal
Funds market. The reference floating rates for other major currencies are “Euro Overnight Index Average”
(EONIA) for the euro, “Sterling Overnight Index Average” (SONIA) for British pound, and “Tokyo Overnight
Average Rate” (TONAR) for Japanese yen.
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Figure 2: Plain Vanilla fixed-floating Swap
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Note: The figure shows cash flows for an example of a plain vanilla fixed-floating interest rate swap. We
consider a 5-year plain vanilla swap in the example.

which interest payments start to accrue. For example, for a USD swap transacted on August
16, 2017, its effective date is August 18, 2017.

On the fixed leg of the swap, the fixed rate is set on the trade date such that the swap
has a net present value of zero, which is called the swap rate or the par swap rate. As a
result, the fixed payment is determined as follows

Fixed Payment = Fixed Rate× Notional× (Bond Days/360), (1)

where “Bond Days” denotes the number of days in the semiannual interest accrual period on
a 30/360 basis.

Oftentimes, it is the swap spread that is quoted instead of the swap rate. The swap
spread for a swap of a given maturity is defined as the difference in basis points between the
swap rate and the yield of the on-the-run Treasury of comparable maturity.

On the floating leg of the swap, we assume that the 3-month LIBOR rate is paid quarterly
on an Act/360 basis for concreteness. The LIBOR rate is set on each reset date, which is
actually the LIBOR setting determined by the BBA two London business days prior. Once
the LIBOR rate is reset, that rate will accrue for the quarter and payment will be made
three months later on a Modified Following basis. A Modified Following basis means that
if the payment date falls on a “bad day” (i.e., a weekend or holiday), then the payment is
made on the first good day after the bad day if that good day is not in the next month, or,
otherwise, made on the first good day before the bad day.4 As a result, a floating payment
is determined as follows

Floating Payment = 3-month LIBOR× Notional× (Act/360), (2)
4Note that the Modified Following basis is a hybrid of the other two bases: “Preceding” (payments are

made on the first good day before the bad day) and “Following” (payments are made on the first good day
after the bad day) if scheduled payment dates fall on a bad day.
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where “Act” denotes the number of days in the quarterly interest accrual period on a Act/360
basis.

Example 1. Suppose two counterparties transact a spot starting 5-year interest rate swap
in USD on August 16, 2017. The swap has $100 million notional value. It thus has an
effective date of August 18, 2017, and a maturity date of August 18, 2022. The floating rate
payer is a swap dealer, and the fixed rate payer is its client. The ten fixed rate payment
dates fall on the 18th of each February and August between the effective and maturity dates
inclusive. The twenty floating rate payment dates fall on the 18th of each February, May,
August, and November between the effective and maturity dates inclusive.

Table 1: Quotes of Treasury Securities and Interest Rate Swaps (August 16, 2017)

Treasury Swap
Term Price Yield Mid-Yield Rate Spread
1-year — — 1.198 1.466–1.470 27.0
2-year 100-023

4
–100-03 1.330–1.326 1.328 1.586–1.591 26.1

3-year 100-011
4
–100-011

2
1.487–1.484 1.485 1.686–1.691 20.3

4-year — — 1.633 1.772–1.777 14.2
5-year 100-14–100-141

4
1.782–1.781 1.781 1.853–1.858 7.4

6-year — — 1.909 1.932–1.936 2.5
7-year 100-18–100-181

2
2.038–2.035 2.037 2.002–2.007 -3.2

8-year — — 2.099 2.066 –2.070 -3.1
9-year — — 2.161 2.123–2.127 -3.6
10-year 100-071

2
–100-08 2.224–2.222 2.223 2.173–2.178 -4.7

12-year — — 2.282 2.259–2.263 -2.0
15-year — — 2.369 2.345–2.349 -2.3
20-year — — 2.516 2.425–2.430 -8.8
25-year — — 2.662 2.459–2.463 -20.0
30-year 98-261

2
–98-27 2.808–2.807 2.808 2.472–2.476 -33.4

Note: This table reports pricing information for Treasuries and swaps of different tenors.
Source: Bloomberg.

In the swap market, the bid side swap rate is the highest rate at which a dealer is willing
to pay fixed, while the offer side swap rate is the lowest rate at which a dealer is willing to
receive fixed. In this example, as shown in Table 1, the offer side (5-year) swap rate was
1.858% on August 16, 2017. Therefore, each fixed rate payment is given by

1.858%× $100 million× 180

360
= $929, 000.

The 3-month LIBOR rate was 1.317% on August 16, 2017. There are 92 actual days in
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the first interest accrual period, implying the first floating rate payment below:

1.317%× $100 million× 92

360
= $336, 567.

However, floating rate payments will not be known until each LIBOR setting date, except
for the very first floating rate payment.5

2.1.2 OIS Swaps

In an OIS swap, one counterparty pays the fixed rate known as the OIS rate, and the other
pays an average of the Federal Funds effective rate over the life of the swap. The OIS rate
for a given maturity is thus considered as the expected Federal Funds rate over the life of
the swap.

Figure 3: Historical LIBOR-OIS Spread
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Note: The figure shows the historical three-month LIBOR-OIS spread between January 2006 and Septem-
ber 2021.
Source: Bloomberg.

The floating payment in an OIS swap is typically the daily compounded interest over the
calculation period, while the fixed payment is the fixed rate accrued for the same calculation
period. OIS swaps of maturity less than one year have one calculation period, while those
of longer maturity are broken into annual calculation periods.6

5For a maturity between those of two adjacent on-the-run Treasury securities we use linear interpolation
to compute a mid-market yield for that maturity. For example, using the 6-month yield of 1.133% and the
2-year yield of 1.328%, we find the interpolated 1-year yield as 1.133%+ 1−1/2

2−1/2×(1.328%−1.133%) = 1.198%.
6More precisely, the floating payment over the calculation period is given by (1 + α1 × r1) × (1 + α1 ×

r1)× · · · × (1 + αN × rN )− 1, where N denotes the number of compounding days in the calculation period,
αi is the length of each compounding day (e.g., αi = 1/360 or 3/360 for Fridays in USD), and ri denotes the
overnight reference rate.
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The LIBOR-OIS spread, defined as the difference between a LIBOR rate and an OIS
rate of the same maturity, is considered by many an important gauge for the health of the
financial system. It is viewed as the risk premium demanded by banks to lend to one another
for a longer period (e.g., 3-month), compared to lending overnight in the Fed Funds market.
Figure 3 shows the historical LIBOR-OIS spread since 2006. As shown in the figure, the
LIBOR-OIS spread is typically very stable and low during normal times, but widened out
significantly in times of stress. For example, it peaked in excess of 350 basis points when
Lehman failed, and spiked to nearly 150 basis points at the outbreak of recent COVID-19
shock.

2.2 Basis Swaps

In a basis swap, both counterparties receive floating rate payments. A spread is added to
one of the floating legs to make the NPV of the swap equal to zero.

Consider the basis swap in Figure 4 as an example. In the example, a counterparty
(“Client”) pays 1-month LIBOR plus a spread α on the monthly Act/360 basis, and the
other counterparty (“Dealer”) pays 3-month LIBOR on the quarterly Act/360 basis. The
tenor of the swap is 2 years and the notional is $100 million. This swap is often called a 1s3s
(pronounced “ones threes”) basis swap.

Figure 4: Basis Swap
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Note: The figure shows cash flows for an example of a basis swap. In the example, we consider a 2-year
basis swap.

The spread α is typically nonzero and is determined by various factors. The most im-
portant determinant is supply and demand: the spread increases with demand for paying
1-month LIBOR, and vice-versa. Another important determinant is the slope of the LIBOR
curve: the spread would be positive if market participants expect that 1-month LIBOR will
be lower than 3-month LIBOR during the life of the swap. Lastly, the frequency of floating-
rate payments matters as well: the monthly payments on the 1-month LIBOR side mean
more frequent and sooner payments, which helps lower the spread or turn it into negative.

The swap spreads of fixed-floating and basis swaps are intrinsically intertwined. Consider
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the 2-year basis swap as an example, from Table 1, the dealer is willing to pay fixed 1.586%
(semi-annual 30/360) versus 3-month LIBOR (quarterly Act/360). If the dealer in the basis
swap example simultaneously enters into the above fixed-floating swap with another client,
the two 3-month LIBOR legs in both swaps cancel out each other and the dealer ends up
paying fixed 1.586% versus receiving 1-month LIBOR plus α. The immediate implication is
that the dealer would be willing to pay fixed (1.586%−α) versus receiving 1-month LIBOR,
or (1.586% − α) would be the bid side of the swap rate for a fixed-floating swap versus
1-month LIBOR.7

2.3 Cross-Currency Swaps

A cross-currency swap is one in which the streams of payment are in different currencies
during the life of the swap. The streams of payment can both be fixed, both be floating,
or consist of one fixed stream and one floating stream. At the beginning and end of the
transaction, the two counterparties typically exchange specific amounts of the two different
currencies, which are determined by the spot exchange rate between the two currencies at
the start of the transaction. Note that regardless of how the exchange rate fluctuates at
maturity, the final exchange of the currencies is based solely on the same spot exchange rate
at the beginning of the transaction.

Consider the cross-currency swap between US dollars and Japanese yen in Figure 5 as
an example. Suppose the effective date is August 16, 2017. On the effective date, the spot
yen/$ exchange rate was 110.19 (i.e., $1 can be exchanged for 110.19 Japanese yen) and the
spread for a 1-year cross-currency swap between USD and JPY was -49.125 basis points (i.e.,
α = −49.125). Initially, the dealer receives USD $100 million and pays Japanese yen 11.019
billion. Then the dealer pays USD 3-month LIBOR on the quarterly Act/360 basis, and the
client pays JPY 3-month LIBOR minus 49.125 basis points on the quarterly Act/360 basis.
The tenor of the swap is 1 year. At maturity, the dealer pays Japanese yen 11.019 billion
and receives USD $100 million.

One way to interpret the above cross-currency swap is as follows. The dealer receives a
“dollar loan” of $100 million on the effective date and pays USD LIBOR as the financing
cost. Similarly, the client receives a “yen loan” of 11.019 billion and pays JPY LIBOR as the
financing cost. At maturity, both counterparities pay off the loans to each other.

7Note that the spread α in the 1s3s basis swap is quoted on the monthly Act/360 basis, whereas the fixed
leg of the fixed-floating swap is semi-annual 30/360. For simplicity we ignore the difference in bases (the
resulting error is small in magnitude) and simply subtract α from 1.586% to derive the swap rate.
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Figure 5: Cross-Currency Swap
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Note: The figure shows the cash flows for an example of a 1-year cross-currency swap.

3 Risks

An investor of a fixed-floating swap faces three primary sources of risk: interest rate risk,
spread risk, and counterparty risk. There is an additional source of risk in a cross-currency
swap: currency risk. As the other side of the same coin, swaps are used as an effective hedge
against these risks, which is an important use of swaps.

Movements in interest rates cause changes in the value of a swap. For example, when
the swap curve shifts downward (upward) in a market rally (sell-off), the fixed rate receiver
gains (loses) and the floating rate receiver loses (gains). So investors face interest rate risk
as the value of their swap positions is sensitive to interest rate changes.

Investors can engage in a spread trade to hedge the interest rate risk. If one receives fixed
and sells Treasuries to hedge, one is being short spreads or having sold spreads, or receiving
in spreads. Conversely, if one pays fixed and buys Treasuries to hedge, one is being long
spreads or having bought spreads, or paying in spreads. If the swap rate changes one for
one with the Treasury yield of the same maturity (i.e., the swap spread is unchanged), the
value of the swap in a spread trade is hedged against movements in the Treasury yield for
investors.

However, investors still face spread risk: when spreads go up (down), investors who are
long (short) spreads will gain (lose). Therefore, another important use of interest rate swaps
is speculation, whereby investors express a view on movements in swap spreads. We examine
the determinants of swap spreads in Section 6.

Counterparty risk is another source of risk in the swap market. It refers to the risk that
leads to a loss for one counterparty when the other counterparty defaults and cannot honor
its obligations. To reduce the counterparty risk, a Credit Support Annex (CSA) is included
in addition to an ISDA Master Agreement. Under a CSA, the counterparty who is out of
the money will have to post collateral to the other counterparty. The terms of a CSA will,
among other things, specify the types of acceptable collateral, thresholds below which no
collateral is posted, and minimum transfer amounts of collateral. As we will discuss shortly
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in Section 5, the reforms post the financial crisis require central clearing in the swap market,
which further mitigates the counterparty risk.

Currency risk is an additional risk in a cross-currency swap. As explained in Section 2.3,
exchanges of the notional value of principal in different currencies are made at the effective
and maturity date based on the initial spot exchange rate. If the exchange rate had moved
dramatically over the life of the swap, one counterparty would suffer a potentially large loss
(and may choose not to honor its obligations) if the exchange rate movements were not in
its favor. As such, a cross-currency swap is subject to high counterparty risk even toward
the end of its life, which is different from coupon or basis swaps that have no exchange of
principal at maturity and thus have little counterparty risk near maturity.

4 Swap Usage and Types of Users

Primary uses of interest rate swaps are for balance sheet management, hedging, and specula-
tion. Major participants in the swap market include corporations, banks, insurance compa-
nies, Government Sponsored Enterprises (GSEs), asset managers, hedge funds, besides the
intermediaries such as broker-dealers and central counterparties.

4.1 Balance Sheet Management

Interest rate swaps are one of most popular tools for balance sheet management. For example,
banks tend to issue fixed coupon corporate bonds and enter into “receive fixed/pay floating”
swaps. In this way, they can transform their liabilities into floating-rate ones to better match
with their assets that consist of floating rate loans. Similarly, corporations with floating rate
liabilities (e.g., loans linked to LIBOR) can enter into swaps where they pay fixed and receive
floating.

In the longer-tenor swap market (i.e., 10-30 years) the key players are insurance companies
and pension funds, both of which have long-duration liabilities. To actively match the
duration of their assets to that of liabilities, they have a strong demand for receiver swaps
where they receive fixed and pay floating. Specifically, pension funds are required to minimize
underfunding under the Pension Protection Act of 2006 and hence have the incentive to
avoid duration mismatch that can produce future shortfalls (Klingler and Sundaresan, 2016).
According to the surveys by the Chief Investment Officer magazine in 2013 and 2014, around
80% of more than 100 pension fund managers who were surveyed stated that they used
interest rate swaps among other derivatives.

GSEs and other large mortgage-backed securities (MBS) holders use interest rate swaps
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to manage their asset/liability profiles. Due to the prepayment option, MBS have negative
convexity, meaning that their duration increases (decreases) as rates rise (fall). This is not
desirable for GSEs or MBS portfolio managers, because the duration of their portfolios would
increase exactly at times when rates increase and no one wants to hold a longer-duration
MBS portfolio. To manage the undesirable increase in the duration of their portfolios, GSEs
and MBS portfolio managers will turn to the swap market by paying fixed.

4.2 Hedging

Corporations also use interest rate swaps for “rate-lock hedging” against uncertainty in the
cost of their corporate bond issuance. Most corporate bond offerings are underwritten on
a “best-efforts” basis, whereby the underwriter promises to do its best to achieve the lowest
possible yield for the issuer. The final yield remains unknown until the bond issuance is
completed. As a result, corporate bond issuers who face uncertainty in the actual cost of
their bond offerings due to interest rate changes employ interest rate swaps for “rate-lock
hedging.” Specifically, issuers enter into forward-starting contracts to pay fixed and receive
float. In this way, they are protected from rising interest rates: as rates rise, the increase
in the value of their swap positions helps offset the losses from issuing bonds at higher
market rates. On the other hand, if interest rates fall, the losses from their swap positions
are compensated by benefits from issuing bonds at a lower yield. Essentially, entering into
forward-starting swaps help the issuers lock in the cost of bonds that are to be issued in the
near future.

4.3 Speculation

Because interest rate swaps require little capital up front, investors can use them to speculate
on movements in interest rates. For example, to speculate that five-year interest rates will
fall, an investor could simply receive fixed in a five-year swap transaction, instead of using
cash or borrowed capital to buy a five-year Treasury note.

There is also evidence for corporations’ use of interest rate swaps for timing the market
(Faulkender, 2005): when the yield curve is steep, firms use swaps to pay floating, whereas,
when the yield curve is flat or inverted, they use swaps to lock in the relatively attractive
longer-term fixed rate.

Another important use of interest rate swaps is to speculate on the direction of swap
spreads. To express the view that swap spreads will increase (decrease) dramatically in the
future, investors can speculate by entering into a long (short) spread position. In Section 6,
we provide more details about spread trades.
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5 Regulation and Reforms

Title VII of the Dodd-Frank Wall Street Reform and Consumer Protection Act (Dodd-Frank
Act), signed into law in July 2010, provides a comprehensive framework for the regulation
of the OTC swaps markets. It contains three broad mandates: the clearing mandate, the
trading mandate, and the registration/reporting mandate.

The first clearing mandate requires that certain derivative transactions must be centrally
cleared through clearing houses. The U.S. Commodity Futures Trading Commission (CFTC)
is responsible for determining which interest rate swaps are to be cleared.8 Non-centrally
cleared transactions have higher capital and margin requirements, which raise the costs of
OTC trading and thereby encourage a shift of trading activities to exchanges. The move to
central clearing implies that each counterparty in a swap trade must face a central clearing
house. In this way, counterparty risk, a prominent risk in the OTC derivative markets, is
mitigated by the existence of central counterparties who provide guarantees on the contract.
At the same time, because a single trade between two parities now become two trades of
each party with the central counterparty, outstanding notionals tend to be inflated. Trade
compression has gained traction partly because banks move toward more efficient balance
sheet usage due to regulatory changes. The second trading mandate requires any swap that
is required to be centrally cleared must be traded on either an exchange or a “Swap Execution
Facility” (SEF). A SEF is defined in Section 721 of the Act as a “trading system or platform
in which multiple participants have the ability to execute or trade swaps by accepting bids
and offers made by multiple participants in the facility or system.”9 Trading on a SEF has
the ability to maintain an OTC marketplace so that counterparties can continue to transact
bilaterally but on a regulated trading system. The SEFs have served to move a large share
of OTC swap trading to electronic platforms.

The third registration/reporting mandate requires that swap dealers and major swap
participants in the interest rate swap market must register with the CFTC, and requires
reporting of all transactions to trade repositories.

8The CFTC is also responsible for regulating other swaps, namely, FX swaps, credit default swaps on
broad-based indices, and physical commodity swaps. The SEC is responsible for regulating security-based
swaps, namely, single name credit default swaps, total return swaps on single name equity securities, loans,
and narrow-based security indices. Both the CFTC and SEC jointly regulate mixed swaps.

9The list of SEFs can be found at the CFTC’s website: https://sirt.cftc.gov/SIRT/SIRT.aspx?
Topic=SwapExecutionFacilities. Reforms in Europe resulted in multilateral trading facilities (“MTFs”)
and organized trading facilities (“OTFs”). As the key difference, execution of transactions on MTFs is non-
discretionary and rule-based, whereas an OTF is operated with a degree of discretion over how a transaction
will be executed (e.g., discretion over who are accepted to trade and how trades are executed).
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6 Dynamics of Swap Spreads

In this section, we take a closer look at the dynamics and determinants of swap spreads.
Figure 6 depicts the spreads of plain vanilla interest rate swaps for the tenors of 2 years
(solid blue line), 10 years (dashed red line), and 30 years (dotted magenta line) between
January 2001 and September 2021. As we can see from the figure, the swap spreads moved
closely and were similar in magnitude prior to the financial crisis, but started to diverge
afterwards. In particular, the spreads for longer-tenor swaps turned negative and continued
to be negative (e.g., 30-year swap spread).

Figure 6: Historical Swap Spreads
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Note: This figure depicts the spreads of plain vanilla interest rate swaps for the tenors of 2 years (solid blue
line), 10 years (dashed red line), and 30 years (dotted magenta line) between January 2001 and September
2021.
Source: Bloomberg.

Interest rate swaps can trade either as rates or spreads. When one is trading rates, one is
having a single (long or short) position in an interest rate swap and thus is taking duration
risk. For example, receiving in a swap has similar risk of buying the same notional amount
of Treasuries of the same maturity. On the other hand, one can directly enter into a spread
trade by entering into a swap and holding simultaneous offsetting positions in Treasuries,
and possibly repurchase agreements known as “repo.” A repo is the sale of a security with
the simultaneous agreement to repurchase the security at a predetermined price at some time
later in the future.

Consider “buying a spread” as an example. Its mechanics is illustrated in Figure 7.
Suppose a swap dealer agrees to pay fixed in a $100 million 2-year swap at a bid side swap
rate of 1.586% (see Table 1), and at the same time buys $100 million 2-year Treasuries at
the offer price 100-03 to hedge his swap position.10 Suppose the dealer is able to enter into a

10The purchase of the Treasury securities on August 16, 2017 would settle the next day on August 17,
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repo to fund the purchase of the Treasury securities for 2 years.11 When the repo matures,
the dealer will take delivery of the Treasury securities and return the amount borrowed
plus interest accrued using the repo rate. As a result, the net interest (i.e., carry) of this
transaction is given by:

Treasury Yield− Swap Rate+ LIBOR− Repo Rate

= (LIBOR− Repo Rate)− Swap Spread.

If the LIBOR-repo spread is larger than the swap spread, the dealer will be able to earn the
positive difference. Conversely, if the LIBOR-repo spread is smaller than the swap spread,
the dealer can still earn the opposite of the difference by shorting the spread (i.e., receive in
the swap, short the Treasury securities, and invest the proceeds in a reverse repo). Note that
the trade of longing or shorting the spread requires no capital upfront. Therefore, in theory,
the difference should be zero in a frictionless market. That is, changes in swap spreads should
be closely related to changes in the LIBOR-repo spread.

Figure 7: Long Swap Spread Position
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Note: This figure depicts the mechanics behind “buying a spread” or “paying in a spread” in which an
investors takes a long position in a swap spread.

In Figure 8, we plot the 2-year swap spread as well as the spread between 3-month LIBOR
and 3-month repo rates (used as a proxy for the LIBOR-repo spread). Even though the 3-
month LIBOR-repo spread is not a perfect proxy for the LIBOR-repo spread, it co-moves
closely with the 2-year swap spread, especially after the financial crisis, as shown in the
figure. Note that the explanatory power of the 3-month LIBOR-repo spread is much limited

2017. The total invoice price paid would include accrued interest.
11A repo typically lasts for a relatively short period of time. For simplicity, we assume that a 2-year repo

exists. In practice, one needs to roll into another repo from time to time to get then-prevailing repo rates.
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for longer-tenor swap spreads; for example, it has difficulty explaining the negative 30-year
swap spread. Nevertheless, it plays a more important role in determining swap rates with
shorter tenors.

Figure 8: The LIBOR-Repo Spread versus Swap Spread
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Note: This figure depicts the 2-year swap spread (solid blue line) and the three-month LIBOR-repo spread
(dashed red line) between January 2001 and September 2021.
Source: Bloomberg.

In practice, there are numerous other factors that drive swap spreads. Below, we discuss
in more detail those determinants of swap spreads.

First, one biggest factor that determines the short-run movement in swap spreads is
demand and supply. For example, an increase (decrease) in the aggregate demand for paying
fixed to dealers would widen (narrow) swap spreads. Demand and supply factors that affect
Treasury yields can also impact swap spreads. Treasury yields, on the other hand, reflect
mostly the risk of the U.S. government. In distressful times, investors may flock to the
Treasury market and safe-haven flows drive down Treasury yields and widen swap spreads.
Similarly, changes in demand for Treasuries from large investors (e.g., foreign central banks)
or changes in Treasury supply can also have a significant impact on swap spreads.

Second, swap spreads tend to widen during periods of heightened financial market stress.
During such periods, investors flock to the Treasury market and “flight-to-quality” flows drive
down Treasury yields. In addition, LIBOR rates, which measure average borrowing costs
for the LIBOR panel banks, tend to rise when there is a perceived deterioration in bank
credit/liquidity conditions. As a result, both lower Treasury yield and higher LIBOR rates
work to widen swap spreads.

Third, the slope of the yield curve is another factor. As the yield curve steepens, the
difference between long-term and short-term rates increases. As a result, investors have
the more incentive to receive fixed in a long-term swap (e.g., 10-year) and pay 3-month
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LIBOR. Their strong demand for “receive fixed/pay float” swaps tend to cause swap spreads
to tighten.

Fourth, the level of rates impacts swap spreads. As rates decrease, mortgage refinances
pick up and GSEs or MBS portfolio managers tend to receive fixed, tightening swap spreads.
Conversely, a dramatic increase in rates can prompt them to pay fixed in swaps and widen
swap spreads. So we would expect swap spreads to tighten (widen) when rates decrease
(increase) dramatically.

The selloff in the Treasury market in the summer of 2003 is a case in point. Investors
who had purchased Treasuries in anticipation of bond purchases by the Fed were quickly
selling them when the Fed announced no intention of purchasing Treasuries. Both Treasury
yields and swap spreads increased significantly within a few weeks.

Fifth, the impact of the above factors is more pronounced in the shorter- and intermediate-
tenors. In the longer-tenor swap market (i.e., 10-30 years) the key players are insurance com-
panies and pension funds, which both have long-duration liabilities. To actively match the
duration of their assets to that of liabilities, they have a strong demand for receiver swaps,
which tend to make swap spreads narrower. The sustained negative level of the 30-year
swap spread is attributable to a stronger demand from these institutions for payer swaps as
a result of the higher volatility in the market during and after the financial crisis.

Lastly, changes in regulation may make spread trades costly and thus impact swap
spreads. As mentioned above, swap spread arbitrage strategies involve a swap, a (long
or short) position in a Treasury, and a repo (or reverse repo). Regulatory changes can lead
to transaction costs of swap spread arbitrage. For example, the rules of Basel III Leverage
Rate and U.S. Supplementary Leverage Ratio (SLR) aim to restrict leverage in the banking
sector. Arguably, these rules led banks to reduce the size of repo business, which in turn
could cheapen Treasuries and narrow swap spreads. Therefore, limits to arbitrage arising
from regulatory changes may impact swap spreads across the spectrum of tenors.

7 Pricing

To value an interest rate swap, one needs to compute the net present value (PV) of the fixed
and floating legs. The value of the swap for the fixed rate receiver is thus

V (Swap) = PV (Fixed Leg)− PV (Floating Leg). (3)

Pricing a fixed-floating interest rate swap when it is first executed amounts to determining
the fixed coupon that makes the net present value of the trade zero. For swaps that have
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been in existence for some time, pricing these swaps is determining their mark-to-market
value.

It is straightforward to compute PV (Fixed Leg) since the fixed leg involves a stream of
known cash flows. Denote the (annualized) fixed rate by s and the swap pays the fixed rate
n times a year at times T1 = 1

n
< T2 =

2
n
< · · · < TNn = N . Let Tii=0,

PV (Fixed Leg) =
Nn∑
i=1

αi ×D(Ti), (4)

where D(Ti) denote the present value of a dollar to be received in time Ti and αi denotes
the length of each calculation period in years calculated using the appropriate basis.

Pricing the float leg seems to be more complicated because its future cash flows are
unknown at the time of pricing. However, it turns out to be much simpler in that on the
effective date when a swap is executed, the present value of the floating leg, including the
notional at maturity, is par, which also holds true on any reset date on which the floating
rate is reset.

In general, for a N -year swap that pays a floating rate m times a year, we now determine
the value of its floating leg at the effective date T0 = 0. In Example 1, N = 5 and m = 4.
Let T̃1 = 1

m
, . . . , T̃Nm = N denote the dates on the floating rate payments are made. We

first divide the N -year duration into Nm calculation periods, [T̃i, T̃i+1]
Nm−1

i=0 , where 0 = T0 <

T̃1 = 1
m
< T̃2 = 2

m
< · · · < T̃Nm = N . At the beginning of the calculation period [T̃i, T̃i+1],

the (annualized) floating rate r(T̃i) is determined and accrued for the next 1
m
-year. At the

end of the period Ti+1, the amount r(T̃i)/m is paid per unit notional. The present value of
the cash flow from this period is given by

r(T̃i)/m×D(T̃i+1) = D(T̃i)−D(T̃i+1), (5)

where in deriving the above expression we have used the result D(T̃i+1) =
D(T̃i)

1+r(T̃i)/m
.

Applying the result in equation (5) to all cash flows of the floating leg per unit notional,
which are r(T0)/m at time T̃1, r(T̃1)/m at time T̃2, . . . , r(T̃Nm−1)/m at time T̃Nm, we obtain
the value of the foloating leg per unit notional as:

PV (Float Leg) =
Nm−1∑
i=0

(D(T̃i)−D(T̃i+1) = D(T0)−D(TNm). (6)

Intuitively, the cash flows of the floating leg can be replicated by ensuring that one owns $1
at the effective date T0, but owes $1 at the maturity date TNm. In this case, one can invest
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$1 at the prevailing floating rate r(T̃i) at the beginning of the calculation period [T̃i, T̃i+1]

and then use the proceeds, 1+ r(T̃i)/m, to pay r(T̃i)/m to settle the floating obligation and
keep $1 to invest in the next calculation period. At the maturity date TNm, after paying
the interest r(T̃Nm−1)/m one can use the $1 left to pay off the loan. The initial value of the
replicating portfolio is also equal to 1−D(TNm).

A par-swap is a swap whose value today is zero. The fixed rate of this swap is called
par-swap rate. As shown above, for a swap with effective date T0 and maturity date T , the
par-swap rate, S(T0, T ), is given by

S(T0, T ) =
D(T0)−D(T )∑Nn
i=1 αi ×D(Ti)

. (7)

Note that the receiver in a swap at the effective date has effectively a long position in a
fixed-coupon bond at par. For this reason, a swap with zero value is called a “par swap.”
Rearranging equation (3) yields

1 =
Nn∑
i=1

S(T0, T )× αi ×D(Ti) +D(T ). (8)

The right-hand side of the above equation represents the value of a T -maturity coupon bond
with coupon rate S(0, T ), which is shown to be equal to unity, implying that the bond is
worth par. Therefore, when a swap’s fixed rate is the same as the market par swap rate,
its value is zero, which is analogous to the fact that a bond is worth par if its coupon rate
is the same as market yield. Put differently, par-swap rates are analogous to bond yield to
maturities.

A swap is spot-starting, if T0 = 0; or, otherwise, forward-starting or a forward swap.
The par-swap rate of a forward swap is called the forward (par) swap rate. For spot-starting
swaps, a graph of S(0, T ) versus maturity T is called the par-swap curve.

8 Academic Literature on Interest Rate Swaps

Several strands of the literature study interest rate swaps. The first strand of the literature
contains theoretical studies on why firms use interest rate swaps. The second strand of the
literature calibrates multi-factor term-structure models to understand the dynamics of swap
spreads.
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8.1 Why do firms use interest rate swaps?

Several theories have been proposed for why firms use interest rate swaps. Titman (1992)
develops an asymmetric information model and shows that lower-rated firms with favorable
private information that its borrowing costs will be lower in the future have incentives to
borrow short-term and swap floating for fixed rates in order to reduce interest rate expenses.
Intuitively, such firms prefer to borrow short-term since they expect their borrowing costs
to decrease in the future. However, borrowing short-term subjects them to interest rate
risks and hence to higher costs of financial distress. Entering into a floating-for-fixed swap
simultaneous can reduce interest rate risks and lower financial distress costs.

Wall (1989) develops an agency cost theory for the use of swaps. Issuing long-term bonds
entails agency costs due to underinvestment because of the incentive to bypass positive net
present value projects (Myers, 1977), and due to asset substitution because of the incentive
to shift to high risk projects (Jensen and Meckling, 1976). Wall proposes that to avoid the
agency costs associated with long-term debt, firms can instead issue short-term bond and
enter a swap as a fixed rate payer.

Bicksler and Chen (1986) propose a theory based on comparative advantages. The idea
is that some firms (e.g., higher-rated firms) have a comparative advantage borrowing long-
term and others (e.g., lower-rated firms) a comparative advantage borrowing short-term.
The authors show that swap transactions allow higher-rated (or lower-rated) firms to borrow
at more attractive rates than they would otherwise obtain from borrowing short-term (or
long-term).12

Wall and Pringle (1989) find empirical evidence supporting the agency theory based on
information contained in the footnotes of Annual Reports for the year of 1986. Statement
of Financial Accounting Standard (SFAS) no. 105 and 107 published by the Financial
Accounting Standards Board require disclosure of notional and fair values of interest rate
swap usage in financial statements, effective after 1992. The availability of firm-level swap
usage makes it possible to empirically test the above theories. Saunders (1999) find strong
evidence for the information asymmetry theory of swap usage in Titman (1992) and some
evidence for the agency cost theory in Wall (1989).

The firm-level swap usage data are also used by some authors to study the usage of swaps
by non-financial companies. Empirically, Li and Mao (2003) show that U.S. non-financial
firms that use swaps are mostly fixed payers and that fixed-rate swap payers generally have
lower credit ratings, higher leverage ratios, higher percentages of long-term floating-rate
loans, and are more likely to use bank loans than floating-rate swap payers. Faulkender

12The first cross-currency swap between the World Bank and IBM in 1981 is another example of compar-
ative advantages.
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(2005) constructs the final interest rate exposure on the firm level by combining the initial
exposure of newly issued debt with use of swaps, and provides evidence that non-financial
firms engage in timing the market or speculation: firms increases their floating-rate exposure
as the yield curve steepens. Chernenko and Faulkender (2011) further use the cross-section
and time-series variations in the final interest rate exposure of the firm’s debt to distinguish
between a firm’s hedging and speculative activities, respectively. They find that hedging is
concentrated among high-investment firms.

Lastly, Jermann and Yue (2018) and Bretscher et al. (2018) develop quantitative dynamic
models of investment, financing, and risk management and use the models to study firms’
swap choice. The model in Jermann and Yue (2018) reproduces the stylized facts that firms
tend to be fixed-rate payers and time the market. Bretscher et al. (2018) emphasize the use of
interest rate swaps to hedge interest rate uncertainty which is shown to have adverse effects
on future economic activity. They show that risk management using swaps is effectively
risky and thus interest rate uncertainty depresses financially constrained firms’ investments.

8.2 What drive swap spreads?

Earlier studies focus on default risk and liquidity components in swap spreads, and use dif-
ferent multi-factor term structure models to estimate these two components. As discussed
earlier in Section 6, default risk arises from the possibility of default in the LIBOR mar-
ket. On the other hand, swap spreads are considered as compensation for a liquidity-based
convenience yield associated with Treasury securities (Grinblatt, 2001).

Duffie and Singleton (1997) and Liu et al. (2006) empirically estimate both default risk
and liquidity components in swap spreads and find that both components are important
sources of variation in swap spreads. Through a joint pricing model for Treasury securities,
corporate bonds, and swap rates using six latent factors, Feldhütter and Lando (2008) further
decompose the term structure of swap spreads into a convenience yield for holding Treasury
securities, a credit spread arising from the LIBOR market, and a residual component. They
find that the convenience yield is the largest contributing factor to the swap spread. Gupta
and Subrahmanyam (2000) study the swap-futures differential, or the difference between
swap prices and the prices of interest rate futures. They show that the convexity bias—
caused by the non-linearity of payoffs—has only been taken into account since 1996 and
explains the empirically observed swap-futures differential.

Some recent studies examine other factors that drive swap rates or spreads. Collin-
Dufresne and Solnik (2001) focus on the impact of the LIBOR panel selection for swap
pricing. More recently, Hanson (2014) documents the relation between MBS duration and
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swap spreads. Eom et al. (2002) study the links between USD and JPY interest rate swaps
and find that changes in the dollar interest rate swap spreads “Granger-cause” changes in the
spreads of yen interest rate swaps for the long (ten-year) maturities. Johannes and Sundare-
san (2007) develop a swap valuation theory under marking-to-market and costly collateral.
They show, theoretically and empirically, that collateralization generates an increase in swap
rates.

8.3 Negative Swap Spreads

As shown in Figure 6, the 30-year swap spread turned negative shortly after the bankruptcy
of Lehman Brothers at the height of the financial crisis. Since then, it continues to be
negative, and fluctuates between -20 and -35 basis points in 2021. Swap spreads for other
tenors (e.g., 10-year) also become negative from time to time.

Negative swap spreads are a pricing anomaly because swap spreads usually widen during
times of stress as noted earlier. Jermann (2020) presents a swap pricing model to explain
negative swap spreads. In the model, frictions for holding bonds limit arbitrage, implying
that negative swap spreads cannot be fully arbitraged. Intuitively, dealers with smaller bond
positions due to frictions are less exposed to long-term interest rate risk and thus require
less compensation for the exposure to the fixed swap rate as well, which can lower the swap
rate to the extent that swap spreads become negative. Boyarchenko et al. (2018) argue
that regulatory changes such as leverage requirements reduced incentives for supervised
institutions to enter into trades against negative swap spreads. Klingler and Sundaresan
(2016) document a relation between pension funds duration hedging and negative swap
spreads.

8.4 Expectations of Monetary Policy

The pricing of OIS swaps reflects market expectations regarding the likely path of future
policy rate. Similar to work in the literature on measuring US monetary policy surprises
based on fed feds futures and Eurodollar futures (see, e.g., Kuttner, 2001; Gürkaynak et al.,
2005), a number of studies in the literature use changes in the OIS rates as a proxy for
revisions to the expected path of future interest rate rates for the US, Canda, and Sweden
(Woodford, 2012), for the UK (Joyce et al., 2011), for the Euro area (Abbassi and Linzert,
2012; Altavilla et al., 2019). Specifically, Woodford (2012) provides empirical evidence for
the effectiveness of forward guidance policy in the US, Canada, and Sweden. Joyce et al.
(2011) investigate the impact of the Bank of England’s quantitative easing policy on UK
asset prices. Abbassi and Linzert (2012) study the effectiveness of the ECB’s monetary
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policy by analyzing changes in Euribor rates as a response to changes in the OIS rates
(which proxy for changes in the expected path of future interest rates). They find that the
interest rate channel of monetary policy transition remained effective during the financial
crisis, but less so compared to the pre-crisis period. Altavilla et al. (2019) construct an
event study database (called “Euro Area Monetary Policy Event-Study Database” or “EA-
MPD”)— which features price changes for a broad class of assets and various maturities,
including OIS, sovereign yields, stock prices, and exchange rates—to measure and assess the
ECB monetary policy.

9 Conclusions

Interest rate swaps are among the most popular derivative contracts. Since 1980s, both
financial institutions and non-financial firms are using interest rate swaps for managing
interest rate risk. Depending on the types of interest rate swaps, investors and traders
engage in interest rate swap markets by exchanging streams of interest payments. The usage
and pricing of interest rate swap are an important topic of research which also touches
the literature on corporate finance, risk management, term structure, and monetary policy
research.

Empirical and theoretical studies have examined why firms use swaps, and how firm
characteristics explain the use of swaps. Still the impact of interest rate swaps on macroe-
conomic activity including corporate default, investment and production decisions, and the
borrowing decisions is little studied until recently. Researchers have examined whether the
size of swap positions of non-financial firms and the negative co-movements between swap
usage and the term spread can be accounted for by a quantitative model. The economic
gains from swap usage are found to be small in such research work. Yet such models ab-
stract from other considerations such as more liquidity of swaps relative to corporate bonds
which is also subject to agency problem for long term debt. Empirical results based on panel
data on corporate swap usage show that firms use swap both to hedge to reduce exposure
to interest rate uncertainty and to speculate to time the market. The negative spreads for
longer-tenor swaps remains a pricing anomaly.

The regulatory landscape for interest rate swaps and OTC derivatives has changed dra-
matically. The recent regulation and reforms after the 2008-09 financial crisis aimed to
mitigate some of the risks in the OTC derivative markets. How regulatory changes have
affected the dynamics of swap spreads opens a new avenue for future research.
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